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The present mvention 1s to provide a tissue slice selection
method and an embedded block-preparing cassette which
are capable of suppressing occurrence of errors 1n mspection
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the occurrence of errors 1n mspection results by including:
an embedded block-preparing process of preparing an
embedded block by embedding both a biological tissue
fragment and a standard substance 1n the same embedding
agent; an embedded tissue slice preparing step of slicing the
embedded block to prepare a sheet-like embedded tissue
slice having a tissue slice and standard substance slices
appearing on a surface thereof; and a tissue slice selecting
step of selecting the tissue slice to be mspected, based on a
light signal from the standard substance slice.
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TISSUE SLICE SELECTION METHOD, AND
EMBEDDED BLOCK PREPARING
CASSETTE

TECHNICAL FIELD

The present invention relates to a tissue section selection
method and an embedded block-preparing cassette.

BACKGROUND ART

It 1s known that 1n a cancer tissue, specific genes are
amplified and proteins, the products of the genes, are over-
expressed. In the inspection of cancer and the like, over-
expression of the protein or gene amplification 1n a specimen
obtained from a living body 1s detected by an immunohis-
tochemical staining method, and the condition of the speci-
men 1s 1nspected.

For example, HER2/neu protein, which 1s a gene product
of an HER2/neu gene, 1s over-expressed with a high fre-
quency 1n tumor cells such as breast cancer, the HER2/neu
gene being one of oncogenes. Therefore, 1t 1s possible to
inspect whether a subject suflers from cancer by detecting
the HER2/neu protein in tumor cells using the immunohis-
tochemical staining method and determining the presence or
absence of over-expression of the HER2/neu protein.

As an mspection kit to which such principle 1s applied,
commercially available 1s an immunohistochemical staining
kit using an anti-human HER2/neu gene product monoclo-
nal antibody (SV2-61v) (animal species: mouse) that targets
the HER2/neu protein expressed in the tumor cells and
recognizes an extracellular region of the HER2/neu protein.

In such immunohistochemical staining kit, a specimen 1s
immunohistochemically  stamned (hereinafter, simply
referred to as stained) through the following steps. First, for
example, a specimen 1s prepared i1n a stainable format
through a provision step of providing an embedded block in
which a biological tissue fragment collected from a human
1s embedded in an embedding agent such as parathn, a
preparation step of slicing the embedded block to a desired
thickness using a microtome to prepare a sheet-like embed-
ded tissue section 1n which a periphery of the tissue section
1s surrounded by an embedding agent section, and a placing
step of placing the embedded tissue section prepared 1n this
manner on a slide glass.

Subsequently, a deparathnization ftreatment step of
removing parailin from the embedded tissue section on the
slide glass and an antigen retrieval treatment step of acti-
vating the tissue section are performed.

Finally, performed are a blocking treatment step such as
an endogenous peroxidase treatment with 3 V/V % peroxide,
a primary antibody reaction treatment step in which a
primary antibody 1s bound to a specific antigen 1n the tissue
section, a secondary antibody reaction treatment step in
which a secondary antibody bound to a labeled enzyme 1s
bound to the primary antibody, and a staiming treatment step
in which the specific antigen 1n the tissue section 1s stained
by using chromogenic development with a substrate solution
containing a chromogenic substrate (for example, DAB:
3,3'-diaminobenzidine). The tissue section 1s stained through
such a series of steps (NTL 1).

At this time, a control slide for determining suitability of
the staining 1s provided separately from the embedded tissue
section, and the tissue section and the control slide are
stained at the same time. The control slide has a specimen
sample, and thus can determine the suitability of the staining
from the staining intensity of the specimen sample. IT it 1s
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2

confirmed that the staiming has been suitably performed
from the control slide, a staining intensity score of the tissue
section 1s determined based on predetermined criteria, and
from the result of the score determination (evaluation), the

presence or absence of a lesion tissue 1n the tissue section 1s
determined (NTL 2).

CITATION LIST
Non Patent Literature

Non Patent Literature 1: NICHIREI BIOSCIENCES INC.
“Histofine HER2 kit (MONO) Operation Procedure”,
[online], Search on Apr. 3, 2018, Internet (URL:http://
www.nichirel.co.jp/bio/technical/protocol/her

2/mono03 html)

Non Patent Literature 2: NICHIREI BIOSCIENCES INC.
“HER2 Inspection Determination Method”, [online],
Search on Apr. 3, 2018, Internet (URL:http://

www.nichirei.co.jp/bio/technical/protocol/her
2/17udge.html)

SUMMARY OF INVENTION

Technical Problem

A tissue section for inspection using such immunohisto-
chemical staining 1s usually prepared by slicing an embed-
ded block to a thickness of several micrometers using an
instrument such as a microtome, as described above. In the
slicing operation using the microtome, a variance in thick-
ness may occur depending on a skill level of the engineer, a
preparation environment (for example, room temperature
and humidity), and a type of embedded tissue, and the
mampulation deviation may occur even by the same engi-
neer and thus a variance in thickness may occur.

In the inspection using the immunohistochemical stain-
ing, since the staining intensity changes depending on the
thickness of the tissue section, variance in the thickness of
the tissue section has a large influence on the inspection
result. For example, when a variance occurs 1n the thickness
of multiple tissue sections used for the inspection, the tissue
sections will not exhibit the same staining intensity and will
have a different staining intensity depending on the thick-
ness of the tissue section even when the staining 1s simul-
taneously performed under the same conditions. Therefore,
when there 1s a variance 1n thickness of the tissue sections,
a score which 1s diflerent from the state of the actual tissue
section may be determined, which may cause an error in the
inspection result.

In the inspection using the immunohistochemical stain-
ing, furthermore, suitability of the staining 1s determined
using a control slide provided separately from the embedded
tissue section to improve the accuracy of the inspection
result. However, even 1n this case, there 1s a demand for
improving the accuracy of the mspection result by suppress-
ing occurrence of an error 1n the ispection result.

Furthermore, before the embedded block 1s prepared, a
fixing treatment, for example, 1s performed, 1n which the
biological tissue fragment 1s immersed 1n a {ixing solution
such as a formalin aqueous solution for a predetermined
period of time to appropriately fix the tissue form and/or the
antigen activity of the biological tissue fragment. However,
when the fixing time 1s not appropriate during the fixing
treatment and/or the biological tissue fragment 1s not appro-
priately fixed, the tissue form and/or the antigen activity of
the biological tissue fragment may not be maintained, and
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therealter, an error may occur in the inspection result during,
the 1spection of the tissue section.

The present invention has been made 1n view of the above
problems, and an object thereof 1s to provide a tissue section
selection method and an embedded block-preparing cassette

which can suppress occurrence of an error i the inspection
result.

Solution to Problem

A tissue section selection method of the present invention
1s a tissue section selection method of selecting a tissue
section to be inspected by specifically detecting a marker,
which comprises: an embedded block-preparing step for
preparing an embedded block by embedding both a biologi-
cal tissue fragment and a standard substance in the same
embedding agent; an embedded tissue section-preparing
step of slicing the embedded block for preparing a sheet-like
embedded tissue section having the tissue section and a
standard substance section appearing on a surface thereof;
and a tissue section selecting step for selecting the tissue
section to be mspected, based on a light signal from the
standard substance section. In the present application, the
light signal means an optically detectable signal, for
example, a reflected light from the surface of the standard
substance section.

The embedded block-preparing cassette of the present
invention 1s an embedded block-preparing cassette used for
preparing an embedded block 1n which a biological tissue
fragment 1s embedded, and includes a box body that is
placed on a tray into which a liquid embedding agent 1s
poured. The box body includes: a frame having a through
hole which penetrates an upper surface and a lower surface
in a region facing the biological tissue fragment on the
bottom of the tray; and a standard substance-positioning,
portion that 1s provided to face the bottom of the tray and has
a positioming hole into which a standard substance 1is
inserted, wherein the standard substance-positioning portion
allows the standard substance to be positioned such that the
standard substance 1s present within a height ranging from a
lower end to an upper end of the biological tissue fragment
when the bottom of the tray i1s taken as a reference.

A tissue section selection method of the present invention
1s a tissue section selection method of selecting a tissue
section to be inspected by specifically detecting a marker,
which comprises: an embedded block-preparing step of,
after immersing a biological tissue fragment 1 a fixing
solution for a predetermined period of time, preparing an
embedded block by embedding the biological tissue frag-
ment 1n an embedding agent; an embedded tissue section-
preparing step of slicing the embedded block to prepare a
sheet-like embedded tissue section having the tissue section
appearing on a surface thereof; and a {ixing state determin-
ing step of performing a staining treatment on the embedded
tissue section and determining a fixing state of the tissue
section fixed with the fixing solution based on a light signal
from an endogenous protein expressed 1n cells 1n the tissue
section.

‘ect of Invention

Advantageous E

In the tissue section selection method of the present
invention, the tissue section to be mspected 1s selected based
on the light signal from the standard substance section, using
the sheet-like embedded tissue section in which the tissue
section and the standard substance section appear on the
same surface. Thus, the inspection can be performed only on
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4

the tissue section optimal for the inspection in the tissue
section selection method, and thus 1t 1s possible to suppress
occurrence of an error 1n the mspection result.

In the embedded block-preparing cassette of the present
invention, since the embedded block 1s prepared by embed-
ding both the biological tissue fragment and the standard
substance 1n the same embedding agent, it 15 possible to
prepare an embedded tissue section in which the tissue
section and the standard substance section appear on the
same surface when the embedded block 1s sliced. Thus, 1n
the embedded block-preparing cassette, the tissue section to
be inspected can be selected based on a light signal from the
standard substance section, and mspection can be performed
only on the tissue section optimal for the mspection. Thus,
it 1s possible to suppress occurrence of an error 1n the
ispection result.

Since the tissue section selection method of the present
invention enables evaluation of the fixing state of the tissue
section fixed with the fixing solution, inspection can be
performed only on the tissue section 1n a fixing state optimal
for the mspection, and occurrence of an error 1n the 1nspec-
tion result can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view 1illustrating an overall con-
figuration and usage of an embedded block-preparing cas-
sette of the present invention.

FIG. 2 1s a perspective view 1illustrating an overall con-
figuration (1) of the embedded block-preparing cassette of
the present invention.

FIG. 3 1s a perspective view 1illustrating an overall con-
figuration (2) of the embedded block-preparing cassette of
the present invention.

FIG. 4 15 a perspective view 1illustrating a configuration of
an embedded block prepared using the embedded block-
preparing cassette of the present invention; FIG. 4A 1s a
perspective view 1llustrating a configuration of the embed-
ded block before a plate frame portion 1s removed, and FIG.
4B 1s a perspective view 1llustrating a configuration of the
embedded block after the plate frame portion 1s removed.

FIG. 5 1s a perspective view 1illustrating a configuration of
an embedded tissue section obtained by slicing the embed-
ded block.

FIG. 6 15 a perspective view 1illustrating a configuration of
an embedded block prepared using an embedded block-
preparing cassette of a modification example.

FIG. 7 1s a schematic view illustrating an upper configu-
ration of an embedded block-preparing cassette of a modi-
fication example; wheremn FIG. 7A 1s a top view of the
embedded block-preparing cassette having a standard sub-
stance-positioning portion i which five positioning holes
are disposed 1n a row, and FIG. 7B 1s a top view of the
embedded block-preparing cassette having a standard sub-
stance-positioning portion in which four positioning holes
are disposed 1n a row.

FIG. 8 1s a schematic view illustrating an upper configu-
ration of an embedded block-preparing cassette of a modi-
fication example; whereimn FIG. 8A 1s a top view of the
embedded block-preparing cassette in which a through hole
has a circular shape, and FIG. 8B 1s a top view of an
embedded block-preparing cassette in which a through hole
1s divided into four.

FIG. 9 1s a graph illustrating a calibration curve that
shows a relationship between a thickness of a tissue section
and a color tone of a thickness standard substance.
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FIG. 10 1s a graph illustrating a calibration curve that
represents a relationship between a thickness of a tissue
section and a color tone of a thickness standard substance.

FIG. 11 1s a graph 1llustrating a calibration curve that
represents a relationship between a thickness of the tissue
section and a staining intensity of a marker standard sub-
stance.

FIG. 12 1s a schematic view for explaining a series of
work (1) in an immunohistochemical staiming method using,
the tissue section selection method.

FIG. 13 1s a graph illustrating results of examining a
thickness of a tissue section and a staining intensity score of
a marker standard substance section and plotting them with
respect to a calibration curve.

FIG. 14 1s a schematic view for explaining a series of
work (2) 1n an immunohistochemical staiming method using,
the tissue section selection method.

FIG. 15 1s a graph illustrating a relationship between a
specimen fixing time and a brown score.

FIG. 16 shows photographs 1llustrating 1images obtained
when examining a concentration of an anti-CD34 rabbit
polyclonal antibody.

FIG. 17 shows photographs 1llustrating 1images obtained
when verification was performed using a tissue block
immersed 1 a {ixing solution immediately after excision
from a porcine mammary gland tissue, and an antibody
having a concentration of 1/400.

FIG. 18 shows photographs illustrating an example of
image used for preparing the graph illustrated in FIG. 15.

DESCRIPTION OF EMBODIMENTS

(1) Outline of Embedded Block-preparing Cassette
ol Present Invention

As 1llustrated in FIG. 1, an embedded block-preparing
cassette 1 according to an embodiment of the present
invention 1s used 1n a state of being placed on a tray 30, and
1s a tool for embedding both a standard substance 21 and a
biological tissue fragment 22 1n the same embedding agent
to prepare an embedded block (which will be described
later). The embedding agent (not illustrated) 1s a matenal
such as paraihin that liquefies when heated and solidifies
again when cooled. The embedded block-preparing cassette
1 1s mounted on a slicing instrument, such as a microtome,
when the embedded block 1s sliced. Theretfore, the shape and
s1ze of the embedded block-preparing cassette 1 are appro-
priately selected according to the slicing instrument to be
used.

Hereinafter, an embedded block-preparing cassette 1 will
be described by way of a case where the embedded block
used for an immunohistochemical staiming method 1s pre-
pared as an example. Further, explained herein 1s a case in
which HER2/neu protein 1s used as a marker contained in a
biological tissue and an immunohistochemical staining
method for specifically detecting the HER2/neu protein to
mspect a state of a living body 1s performed.

The embedded block-preparing cassette 1 1s made of a
synthetic resin maternial, such as plastic, phenolic resin,
melamine resin, or polystyrene, and includes a box body 2
having an outer shape formed to conform to a mounting part
of the slicing instrument. A frame 3 1s formed in the box
body 2 so as to surround an opening 4 that penetrates from
an upper surface 3a to a lower surface. In the case of this
embodiment, the frame 3 1s formed into a truncated pyra-
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6

midal shape in which one side surface of a rectangular
parallelepiped 1s inclined, and the opening 4 1s formed 1nto
a quadrilateral shape.

A standard substance-positioning portion S and a through
hole 6 are provided 1n a region 1n the opening 4 surrounded
by the frame 3. When the embedded block-preparing cas-
sette 1 1s placed on the tray 30, the standard substance-
positioning portion 3 1s provided 1n a predetermined region
of the opening 4 so as to keep away from the biological
tissue fragment 22 placed on a bottom surface 34 of the tray
30 (heremafter, simply referred to as a tray bottom) and face
the tray bottom 34. The standard substance-positioning
portion 5 1s provided with a plurality of positioning holes 5a,
to which standard substances 21 (which will be described
later) are respectively inserted. When the embedded block-
preparing cassette 1 1s placed on the tray 30, the standard
substance-positioning portion 5 causes the standard sub-
stances 21 to be located so as to be kept away from the
biological tissue fragment 22 placed on the tray bottom 34.
Accordingly, the standard substances 21 are disposed to be
aligned with the biological tissue fragment 22 on the tray
bottom 34 by the standard substance-positioning portion 3.

A through hole 6 1s provided 1n the remaining region other
than the region 1 which the standard-positioning portion 3
1s provided in the opening 4. The through hole 6 penetrates
the upper surface 3a and the lower surface, and when the
embedded block-preparing cassette 1 1s placed on the tray
30, the biological tissue fragment 22 placed on the tray
bottom 34 can be exposed through the through hole 6 when
seen from above.

The tray 30 includes an accommodating portion 31 that 1s
recessed 1n a tray shape, a shoulder 32 that 1s provided along
an outer circumierence of the accommodating portion 31,
and a pair of first tlange portion 35 and second flange portion
36 provided around the outer circumierence of the shoulder
32. In the accommodating portion 31, the biological tissue
fragment 22 1s placed on the tray bottom 34 1n the accom-
modating portion 31 when an embedded block 1s to be
prepared. In addition, the accommodating portion 31 accom-
modates a liquid embedding agent poured into the tray 30
alter the embedded block-preparing cassette 1 1s placed on
the tray 30. The liguid embedding agent 1s cooled and
solidified 1n the accommodating portion 31 in a state where
the embedded block-preparing cassette 1 1s placed on the
tray 30.

The shoulder 32 abuts on the embedded block-preparing
cassette 1 and supports the embedded block-preparing cas-
sette 1. The first flange portion 35 and the second flange
portion 36 are respectively provided on the two opposing
sides of the shoulder 32, and guide the embedded block-
preparing cassette 1 such that the embedded block-preparing
cassette 1 1s placed on the shoulder 32.

The standard substance 21 i1s formed 1n the same shape
(columnar shape) as a hole shape (here, columnar shape) of
cach positioning hole 5q 1n the standard substance-position-
ing portion 3. The standard substance 21 refers to a thickness
standard substance 21a that serves as a reference for the
thickness of a tissue section which will be described later,
and marker standard substances 215, 21c¢, 214 and 21e that
serve as a reference for the suitability of the marker detec-
tion results, and here, the thickness standard substance 21a
and the marker standard substances 215, 21¢, 214 and 21e
are collectively referred to as the standard substance 21. In
the present embodiment, as described above, a case where
the HER2/neu protein in the biological tissue 1s detected 1s
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taken as an example. An amount of HER2/neu protein in the
living body 1s usually evaluated 1n four stages: O (negative),

1+, 24, and 3+.

For this purpose, as a marker standard substance that
serves as a reference for the suitability of the marker 5
detection results, used are a marker standard substance 215
made from a cell line MDA-MB-231 which shows negative
staining result, a marker standard substance 21¢ made from
a cell line MDA-MB-175VI1I showing a staining result of 1+,

a marker standard substance 214 made from a cell line 10
MDA-MB-453 showing a staining result of 2+, and a marker
standard substance 21e made from a cell line SK-BR-3
showing a stamning result of 3+.

The marker standard substances 215, 21c¢, 214 and 21e
respectively are prepared by preparing control cell embed- 15
ded blocks in which the above-described cell lines are
embedded, and hollowing out the control cell embedded
blocks mto a columnar shape using BIOPSY PUNCH
(manufactured by Kai Industries).

The thickness standard substance 21a 1s made of a mate- 20
rial of which color tone changes as an optical signal depend-
ing on the thickness. For example, a pigment-containing
urethane foam prepared by mixing a pigment of a predeter-
mined color, such as blue, can be used as a thickness
standard substance 21a. The thickness standard substance 25
21a 15 not particularly limited as long as the color informa-
tion, such as the color tone, changes depending on the
thickness.

In the present embodiment, the thickness standard sub-
stance 21a 1s prepared by the following procedures. First, a 30
blue pigment-containing urethane foam having a predeter-
mined size (for example, 100 to 110 mm 1n length, 60 to 70
mm 1n width, 30 to 40 mm in height, and 35 to 45 g n
weight) 1s prepared. The blue pigment-containing urethane
foam 1s cut in a height direction with a width of approxi- 35
mately 5 mm such that a cutting surface is parallel to a lateral
direction of the blue pigment-containing urethane foam.
Subsequently, from the blue pigment-containing urethane
foam cut 1nto a sheet shape, the vicinity of the center where
the number of bubbles contained in the blue pigment- 40
containing urethane foam 1s small 1s excised, and the excised
foam 1s further cut into a sheet shape with a thickness of
approximately 5 mm, to prepare small urethane foam frag-
ments.

The small urethane foam fragments are placed in a 45
commercially available parailin-embedded block-preparing
cassette EB-W (manufactured by Olympus), and an immo-
bilization treatment 1s performed using a closed type auto-
matic immobilization embedding apparatus Tissue-Tek VIP
(manufactured by Sakura Finetek Japan). The thickness 350
standard substance 21a 1s prepared by hollowing the small
urethane foam fragments to which the immobilization treat-
ment was performed and cut into a columnar shape by using
tissue micro-array apparatus KIN-2 type (manufactured by
Azumaya Medical Instruments Co., Ltd.). 55

(2) Detailed Configuration of Embedded
Block-Preparing Cassette

Here, 1n addition to FIG. 1, the embedded block-preparing 60
cassette 1 will be described in more detail with reference to

FIGS. 2 and 3 in which parts that correspond to those of FIG.
1 are given the same reference numerals. In the frame 3
provided in the box body 2, a square bar-like horizontal bar
9 1s bridged between a pair of opposing inner walls 356 65
among the mner walls 35 that surround the inside of the
opening 4. The horizontal bar 9 1s provided on the same
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surface as a lower surface 3/ of the frame 3 and divides the
inside of the opening 4 into two regions, one region being
used as a region for forming the standard substance-posi-
tioning portion 5, and the other region being used as a region
for forming the through hole 6.

The standard substance-positioning portion 5 1s formed of
the same material as the frame 3 and has a plurality of
positioning hole-forming portions 5f, 3¢, 5k, 5i and 5
having a cylindrical shape. The positioning hole-forming
portions 5/, 5g, 5i, 5i and 5; are separated away with a
predetermined distance. The adjacent positioning hole-form-
ing portions 57, Sg and 5/ (54, 5i, and 5j) are connected to
cach other by a square bar-like connecting portion 5=, and
the positioning hole-forming portions 5/, 3% and 5/ adjacent
to the inner wall 356 of the frame 3 are respectively connected
to the inner wall 36 by the square bar-like connecting portion
Sm. The side surfaces of the positioning hole-forming por-
tions 5¢g and 5i adjacent to the horizontal bar 9 are also
connected to the horizontal bar 9. In the standard substance-
positioning portion 5, the region other than the positioning
hole-forming portions 5/, Sg, 3/, 5i and 57 and the connect-
ing portion 3m 1s an opening 5k that penetrates the upper
surface 3a and the lower surface 3f.

In this embodiment, the positioning hole-forming portions
5/, 3g, 5h, 5i and 5/ have the same configuration, and
pillar-like hollow regions that penetrate from the upper
surface 3a to the lower surface 3/ serve as a positioning hole
Sa, and the standard substance 21 can be inserted into the
positioning hole 5a. In the present embodiment, since the
thickness standard substance 21a and the marker standard
substances 215, 21¢, 21d and 21e are used as described
above, the standard substance-positioning portion 5 1s pro-
vided with five positioning holes 5a.

In the standard substance-positioning portion 3, the posi-
tioning hole-forming portions 5/, 3g, 54, 5i and 5/ are fixed
to the inner wall 35 of the frame 3 via the connecting portion
S5m or the horizontal bar 9, the opening 54 1s formed among
the positioning hole-forming portions 5/, 8g, 34, 5i and 5/,
and a liquid embedding agent can be poured into the tray
bottom 34 from the opening 5k. Further, the horizontal bar
9 between the through hole 6 and the standard substance-
positioning portion 5 1s provided on the same surface as the
lower surface 3/ of the frame 3. Thus, when the embedded
block-preparing cassette 1 1s placed on the tray 30, a gap can
be formed between the tray bottom 34 and the horizontal bar
9, and the liguid embedding agent poured into the tray 30
may also flow between the region of the through hole 6 and
the region of the standard substance-positioning portion 3.

Here, since all of the positioning hole-forming portions 3/,
5g, 3k, 5i and 5/ have the same configuration, for example,
the following description will be given by focusing on the
positioning hole-forming portion 5g. The positioning hole-
forming portion 3¢ 1s fixed to the mner wall 35 of the frame
3 with the connecting portion 5m or the horizontal bar 9
interposed therebetween such that the positioning hole 5a
faces the tray bottom 34. The positioning hole forming
portion 5S¢ 1s formed at a predetermined height, and when the
standard substance 21 1s inserted into the positioming hole
5a, the one end of the standard substance 21 1s brought into
contact with the tray bottom 34, and the longitudinal direc-
tion of the standard substance 21 can be maintained to face
the vertical direction with respect to the tray bottom 34.
Accordingly, the positioning hole-forming portion 5g can
position the standard substance 21 1n a height range from a
lower end to an upper end of the biological tissue fragment
22 with respect to the tray bottom 34 when the embedded
block 1s prepared.
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In the present embodiment, when the embedded block-
preparing cassette 1 1s placed on the tray 30 on which the
biological tissue fragment 22 1s placed on the tray bottom
34, the box body 2 1s formed such that the entire biological
tissue fragment 22 1s exposed to the outside from the through
hole 6. Accordingly, 1n a state where the embedded block-
preparing cassette 1 1s placed on the tray 30 with the
biological tissue fragment 22 placed on the tray bottom 34,
the biological tissue fragment 22 1s moved on the tray
bottom 34 through the through hole 6, and the position of the
biological tissue fragment 22 can be adjusted or the biologi-
cal tissue fragment 22 lifted up from the tray bottom 34 can
be pressed against the tray bottom 34 when the liquid
embedding agent 1s poured.

In the present embodiment, mentioned 1s a case where the
s1ze of the through hole 6 1s larger than the biological tissue
fragment 22 so that the entire biological tissue fragment 22
placed on the tray bottom 34 can be seen from above through
the through hole 6. However, the present invention 1s not
limited thereto. Examples of through holes according to
another embodiment may have such size that the entire part
between the opposing both end portions of the biological
tissue fragment 22 can be seen from above through the

through hole 6 or may have such size that 3 or more of the
biological tissue fragment 22 can be seen from above
through the through hole 6.

In addition to such a configuration, the box body 2 1s
provided with a plate frame portion 13 disposed in a
quadrilateral shape on the lower surface 3f of the frame 3 as
illustrated 1n FIG. 3. The plate frame portion 13 1s provided
such that an inner wall surface 14a surrounds the opening 4
of the frame 3. In other words, the plate frame portion 13 1s
provided so as to surround the formation region of the
standard substance-positioning portion 5 and the formation
region of the through hole 6 by the inner wall surface 14a.

When the box body 2 of the embedded block-preparing
cassette 1 1s placed on the shoulder 32 of the tray 30, the tip
end 14 of the plate frame portion 13 abuts the bottom surface
34 of the tray 30, and a space surrounded by the tray bottom
34 and the inner wall surface 14a can be formed. Accord-
ingly, when the embedded block-preparing cassette 1 1is
placed on the tray 30 and the liquid embedding agent 1s
poured from the opening 4 to prepare an embedded block,
the liquid embedding agent accumulates 1n the space sur-
rounded by the tray bottom 34 and the plate frame portion
13, and the liquid embedding agent poured into the space
flows between the region of the through hole 6 and the
region of the standard substance-positioning portion 5. Thus,
an embedded block in which both the standard substance 21
and the biological tissue fragment 22 are embedded 1n the
same embedding agent can be prepared.

(3) How to Use Embedded Block-Preparing
Cassette 1

Next, a usage of the embedded block-preparing cassette 1
will be described. The biological tissue fragment 22
obtained from a living body is placed at a predetermined
position on the tray bottom 34 (mounting step). Next, the
embedded block-preparing cassette 1 1s placed on the tray 30
such that the lower surface 3/ of the frame portion 3 of the
embedded block-preparing cassette 1 1s placed on the shoul-
der 32 of the tray 30. Thereby, the biological tissue fragment
22 on the tray bottom 34 1s disposed 1n the region of the
through hole 6 1 the box body 2 of the embedded block-

preparing cassette 1.
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Subsequently, the standard substances 21 are inserted into
cach positioning hole Sa of the standard substance-position-
ing portion 5 one by one. At this time, the standard sub-
stances 21 are serted 1nto the positioning hole 5a until one
end abuts on the tray bottom 34, and are respectively
supported by the positioning hole-forming portions 5/, 3g,
5h, 5i and 5/. The standard substance 21 is placed up to the
height of the biological tissue fragment 22. In the present
embodiment, the thickness standard substance 21a 1s
inserted into the positioning hole 5a of the positioning
hole-forming portion 5/, and the marker standard substances
21b6, 21c, 21d, and 21e are respectively inserted into each
positioning hole 3Sa of the remaining positioning hole-
forming portions Sg, Sk, 5i, and 5j (positioning step).
Incidentally, the biological tissue fragment 22 may be placed
on the tray bottom 34 from the through hole 6 after the
embedded block-preparing cassette 1 1s placed on the tray
30, or the biological tissue fragment 22 may be placed on the
tray bottom 34 after the standard substance 21 i1s inserted
into the positioning hole 5a.

In the present embodiment, the outer shape of the standard
substance 21 1s columnar 1n accordance with the columnar
shape of the positioning hole 5a, and further, the diameter of
the standard substance 21 1s selected to be slightly smaller
than the diameter of the positioning hole 5a, and thus, the
standard substance 21 can be reliably inserted into the
positioning hole 5q, and the standard substance 21 can be
supported 1n the positioning hole 5a.

Next, a liquid embedding agent, such as parathn, that 1s
liquetied by heating the embedding agent 1s poured from the
opening 4 to the tray 30 (liquid embedding agent-introduc-
ing step). The liquid embedding agent 1s poured until the
biological tissue fragment 22 on the tray bottom 34 and the
standard substance positioning-portion 3 of the embedded
block-preparing cassette 1 are covered. At this time, the
liquid embedding agent accumulates in the space surrounded
by the plate frame portion 13 of the embedded block-
preparing cassette 1 on the tray bottom 34, and flows
between the region of the through hole 6 and the region of
the standard substance-positioning portion 5 of the block-
preparing cassette 1. In addition, the liquid embedding agent
accumulates 1n the gaps in each positioning hole 5a nto
which the standard substances 21 are inserted in the posi-
tioning hole-forming portions Sf, 5g, 54, 5i and 57 or
accumulates around the standard substances 21 exposed
from the 1nside of the positioning holes Sa, and the embed-
ding agent covers all of the biological tissue fragment 22, the
standard substance-positioning portion 5 and the standard
substance 21.

When the liqud embedding agent 1s solidified, the stan-
dard substance 21 is supported by the positioning hole, and
thus, for example, the standard substance can be positioned
such that the standard substance 1s present over the entire
height range from the lower end to the upper end of the
biological tissue fragment 22 with respect to the tray bottom
34. Here, when the liquid embedding agent 1s poured onto
the tray 30 from the opening 4 of the embedded block-
preparing cassette 1, the biological tissue fragment 22 on the
tray bottom 34 may float above the tray bottom 34, or the
position ol the biological tissue fragment 22 may also be
shifted. In this case, tweezers or the like can be put into the
accommodating portion 31 of the tray 30 through the
through hole 6 of the frame portion 3 and the biological
tissue fragment 22 on the tray bottom 34 can be pressed
against the tray bottom 34. Thus, the position of the bio-
logical tissue fragment 22 can be adjusted with respect to the
height range of the existing standard substance 21.
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Thereafter, by cooling and solidifving the liquid embed-
ding agent, both the biological tissue fragment 22 and the

standard substance 21 are embedded 1n the same embedding
agent 23 as 1llustrated 1n FIG. 4A 1n which parts that
correspond to those of FIG. 3 are given the same reference
numerals, and the embedded block 24 integrated with the
embedded block-preparing cassette 1 can be prepared (so-
liditying step). Finally, as 1llustrated 1in FIG. 4B 1n which the
parts that correspond to those of FIG. 4A are given the same
reference numerals, the plate frame portion 13 provided on
the lower surface 3f of the frame portion 3 1s removed, and
the embedded block 24 1s exposed to the outside of the
embedded block-preparing cassette 1. In this manner, by
removing the plate frame portion 13 disposed 1n a quadri-
lateral shape 1n the embedded block-preparing cassette 1, a
rectangular parallelepiped embedded block 24 having four
corners with a shape close to a right angle can be prepared.
In addition, since the liquid embedding agent 1s solidified
including that in the standard substance-positioning portion
5 1n the opening 4 of the embedded block-preparing cassette
1, the embedding agent 23 1s integrated with the standard
substance-positioning portion 5, and thus it 1s possible to
prevent the embedded block 24 from falling off from the
embedded block-preparing cassette 1.

(4) Tissue Section Selection Method of Present
Invention

Next, an example of the tissue section selection method
according to the present invention will be described. Here,
similar to the “(1) Outline of Embedded Block-preparing
Cassette of Present Invention”, a case where the state of the
biological tissue 1s mspected by the immunohistochemical
staining method will be described as an example. First, as
illustrated 1in FIG. 4B, an embedded block 24 in which both
the biological tissue fragment 22 and the standard substance
21 are embedded in the same embedding agent 23 1is
prepared using the embedded block-preparing cassette 1.

Next, the embedded block-preparing cassette 1 integrated
with the embedded block 24 i1s set on a microtome. In the
microtome, for example, the position of a cutting blade 1s set
to a desired slicing thickness (for example, 4 um), the
embedded block 24 i1s sliced by the microtome, and a
sheet-like embedded tissue section 1 which the cutting
surfaces of the biological tissue fragment 22 and the stan-
dard substance 21 appear on the both surfaces 1s prepared.
With the microtome, for example, by a cutting blade that
moves up and down in one stroke, the embedded tissue
section 1s excised from the embedded block 24 per each
stroke.

Next, as 1llustrated 1n FIG. 5, by stretching and mounting
the sheet-like embedded tissue section 44 on a substrate 46,
such as a slide glass, a tissue section-mounting board 40 1s
prepared. The embedded tissue section 44 1s dried on the
substrate 46. Here, the embedded tissue section 44 1s formed
in a rectangular shape having four corners of approximately
a right angle. Therefore, by using the corners of the embed-
ded tissue section 44 as a guide, an operator can grasp the
position of the tissue section 42 in the embedded block 24
before cutting.

In the embedded tissue section 44, the tissue section 42,
a thickness standard substance section 41le as a standard
substance section, and marker standard substance sections
41d, 41c, 415 and 41a as the same standard substance
sections are exposed to the surface, and each circumierential
side of the tissue section 42, the thickness standard sub-
stance section 41e, and the marker standard substance sec-
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tions 41d, 41c, 415 and 41a 1s configured to be surrounded
by an embedding agent section 43.

Sequentially performed are, for example, an embedding
agent-removing treatment for removing the embedding
agent from the embedded tissue section 44, a protease
treatment with an antigen retrieval solution, an endogenous
peroxidase treatment with a blocking reagent, and a staining
treatment with the immunohistochemical staining method.
In the stamning treatment, for example, after causing an
antigen-antibody reaction in the tissue section 42 using a
primary antibody that binds to the HER2/neu protein in the
tissue section 42, a secondary antibody labeled polymer 1s
bound to the primary antibody, and further the HER2/neu
protein contained 1n the tissue section 42 1s stained using a
chromogenic reagent or the like, whereby the HERZ2/neu
protein 1s specifically detected.

Next, the tissue section-mounting board 40 1s placed on a
stage of a microscope provided with a digital camera, the
surface of the thickness standard substance section 4le 1s
photographed by focusing on the surface of the thickness
standard substance section 41e, and the image of the thick-
ness standard substance section 41e 1s obtained. At this time,
the 1mage 1s photographed at a predetermined magnification
(1n the present embodiment, the objective lens magnification
ratio 1s 2.5). In addition, the 1mage 1s generated based on the
reflected light from the surface of the thickness standard
substance section 41le. The color tone of the image 1s also
determined based on the retlected light.

Based on the image of the thickness standard substance
section 41e, the color tone of the thickness standard sub-
stance section 41e 1s scored. In the present embodiment, by
using a measurement program, pixels of a predetermined
color tone (1n the present embodiment, a color tone of a hue
range of 272° to 305° a chroma range of 0 to 31, a
brightness range of a R value of 0 to 71, a brightness range
of a G value of 0 to 77, and a brightness range of a B value
of 0 to 77) are extracted from the image of the thickness
standard substance section 41e, and the color tone 1s scored
by using the following Equation (1). Here, since the ure-
thane foam stained in blue 1s used as the thickness standard
substance 21a, the above-described color tone range 1s
selected.

(1)

SCORE Z (255 — Average Brightness) Di o] Rat
— X
pay 753 xel Ratio

Specifically, the extracted pixels are sorted by a chroma
value, and the number of pixels that belong to the chroma
range and an average brightness are calculated for each
predetermined chroma range. The average brightness 1s
calculated by averaging the average values of the R value,
the G value and the B value of each pixel over all of the
pixels that belong to each chroma range. The value obtained
by subtracting the average brightness from an upper limit
value 255 of the brightness value 1s divided by 255 to
normalize the average brightness in each chroma range. A
score 1s calculated by multiplying the average brightness
normalized for each chroma range by a pixel ratio that 1s
derived by dividing the number of pixels that belong to the
chroma range by the number of extracted pixels, and then
adding all the multiplication results.

Next, using a calibration curve that expresses a relation-
ship between the score and the thickness of the thickness
standard substance section 41e prepared in advance, a thick-
ness that corresponds to the score calculated by the above-
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described equation 1s calculated, and the thickness 1s used as
the thickness of the tissue section 42. In addition, when the
thickness of the tissue section 42 1s within a predetermined
range (4 um=0.4 um 1n the present embodiment), the tissue
section 42 on the tissue section-mounting board 40 1s
selected as a target to be inspected. Meanwhile, when the
thickness of the tissue section 42 1s not within the prede-
termined range, it 1s determined that the tissue section 42 on
the tissue section-mounting board 40 1s not to be mspected.
In this manner, in the present embodiment, the tissue section
42 to be mspected 1s selected based on the color tone as a
light signal from the thickness standard substance section
41e.

Subsequently, the surface of the marker standard sub-
stance section 41a 1s photographed while focusing on the
surface of the marker standard substance section 41a to
obtain an 1mage of the marker standard substance section
41a. At this time, the 1image 1s photographed at a predeter-
mined magnmification (1n the present embodiment, the objec-
tive lens magnification ratio 1s 40 times).

Based on the image of the marker standard substance
section 41a, the staining intensity of the marker standard
substance section 41a 1s scored based on the color tone of
the marker standard substance section 41a. In the present
embodiment, by using the measurement program, pixels of

a predetermined color tone (a color tone of a hue of 50° to
180°, a chroma range of 2 to 40, an R value of 10 to 180, a

G value of 10 to 145, and a B value of 10 to 140) are
extracted from the image of the marker standard substance
section 41a, the color tone 1s scored similarly to the thick-
ness standard substance section 41le using the above-de-
scribed Equation (1), and the score 1s regarded as the
staining 1ntensity score. In the present embodiment, the
above-described color tone range 1s selected because the
HER2/neu protein 1s stained brown.

Next, a graph 1s prepared, 1n which a vertical axis 1ndi-
cates the score of the staining intensity of the marker
standard substance section 41a and a horizontal axis 1ndi-
cates a thickness of the tissue section 42, and which 1llus-
trates a calibration curve that represents a relationship
between a staining intensity score of the marker standard
substance section 41a and a thickness of the tissue section
42. Plotting 1s based on the thickness of the tissue section 42
calculated above and the staining intensity score of the
marker standard substance section 41a.

As a result of plotting, when the staiming intensity score
of the marker standard substance section 41a 1s within a
predetermined range (1n the present embodiment, the range
of the staining intensity score of the calibration curve of
+10%), staining of the HERZ2/neu protein in the tissue
section 42 1s appropriately performed, and the detection
result of the marker 1s regarded as suitable. Accordingly, it
1s determined that the tissue section 42 can be inspected, and
the tissue section 42 of the tissue section-mounting board 40
1s selected as a target to be inspected.

Meanwhile, when the plot 1s not within the predetermined
range, staining o the HER2/neu protein of the tissue section
42 1s not approprately performed, and there 1s a possibility
that the detection result of the marker i1s not suitable, and,
thus, there 1s a concern that an error may occur in 1nspection
of the tissue section 42, it 1s determined that the tissue
section 42 of the tissue section-mounting board 40 1s not to
be mspected. In this manner, in the present embodiment, the
tissue section 42 to be inspected 1s selected based on the
color tone as a light signal from the marker standard
substance section 41a.
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Accordingly, an operator who performs the inspection
inspects the tissue section 42 by comparing the color tone of

the selected tissue section 42 with the color tone of the
marker standard substance sections 41d, 41¢, 415 and 41a.

Incidentally, instead of the marker standard substance
section 41a, the staining intensity score of any of the marker
standard substance sections 41d, 41¢ and 415 may be
calculated, and 1n a case where the staining intensity score
1s within a predetermined range, 1t may be determined that
the inspection 1s possible. In a case where the marker
standard substance section 41d consists of a negative cell
line and the staiming treatment 1s appropriately performed,
the marker standard substance section cannot be stained.
Thus, whether or not the staining 1s appropnately performed
1s determined based on whether or not the section 414 1s
stained.

Each staining intensity score 1s calculated with respect to
two or more marker standard substances selected among the
marker standard substance sections 414, 41¢, 415, and 414,
and when the staining intensity scores of the two or more
marker standard substances are within a predetermined
range, 1t may be determined that the 1nspection 1s possible.
Furthermore, each staining intensity score 1s calculated with
respect to the marker standard substance sections 41d, 41c,
416 and 41a, and 1n a case where the staining intensity
scores of all of the marker standard substance sections 414,
41c, 416 and 41a are within a predetermined range, 1t may
be determined that the 1mspection 1s possible.

(5) Action and Effect

In the above-described configuration, the embedded
block-preparing cassette 1 according to the embodiment of
the present invention 1s configured such that the box body 2
1s placed on the tray 30 into which the liquid embedding
agent 1s poured when the embedded block 24 in which the
biological tissue fragment 22 1s embedded in an embedding
agent 23 1s prepared. The box body 2 of the embedded
block-preparing cassette 1 includes: the frame 3 having the
through hole 6, which penetrates the upper surface 3a and
the lower surface 3/ 1n the region facing the biological tissue
fragment 22 on the tray bottom 34; and the standard sub-
stance-positioning portion 5 which 1s provided to face the
tray bottom 34 and has the positioning hole 5a into which
the standard substance 21 1s inserted. In addition, in the
standard substance-positioming portion 3, the standard sub-
stance 21 1s present within a height range from the lower end
to the upper end of the biological tissue fragment 22 with
respect to the tray bottom 34 when the standard substance 21
1s 1nserted into the positioning hole 5a.

Accordingly, when the embedded block 24 is prepared 1n
the embedded block-preparing cassette 1 while maintaining
the standard substance 21 to be present within the height
range irom the lower end to the upper end of the biological
tissue fragment 22 by means of the standard substance-
positioning portion 3, the liquid embedding agent 1s poured
into the opening 4 of the embedded block-preparing cassette
1, whereby the embedded block 24 1n which the biological
tissue fragment 22 and the standard substance 21 are embed-
ded 1n the same embedding agent 23 can be prepared. By
using the embedded block-preparing cassette 1, 1t 1s possible
to prepare the embedded tissue section 44 1n which the tissue
section 42, the thickness standard substance section 41e, and
the marker standard substance sections 41d, 41¢, 415 and
41a appear on the same surface by slicing the embedded
block 24. Accordingly, by using the embedded block-pre-
paring cassette 1, the tissue section to be ispected can be
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selected based on the color tone of the thickness standard
substance section 41e and, for example, the marker standard
substance section 41a, and the mspection can be performed
only on the tissue section optimum for the inspection. Thus,
it 1s possible to suppress occurrence ol an error in the
inspection result.

Furthermore, 1n the embedded block-preparing cassette 1,
the region 1n the opening 4 other than the region for forming,
the standard substance-positioning portion 5 1s occupied by
the through hole 6, and when seen from above, the entire
biological tissue fragment 22 1s accommodated 1n the for-
mation region of the through hole 6. Accordingly, in the
embedded block-preparing cassette 1, when the embedded
block 24 i1s prepared, the biological tissue fragment 22 can
be pressed against the tray bottom 34 through the through
hole 6. Therefore, 1n the embedded block-preparing cassette
1, 1t 1s possible to prevent the biological tissue fragment 22
from floating up, and 1t 1s possible to adjust the position of
the tissue section 42 in accordance with the height range of
the thickness standard substance 21a and the marker stan-
dard substances 215, 21c, 21d and 21e. Accordingly, by
slicing the embedded block 24 prepared by using the embed-
ded block-preparing cassette 1, 1t 1s possible to reliably
prepare the embedded tissue section 44 in which all of the
tissue section 42, the thickness standard substance section
41e, and the marker standard substance sections 41d, 41c,
415 and 41a appear on the same surface.

Furthermore, by using the embedded block-preparing
cassette 1, the rectangular parallelepiped embedded block 24
having four corners with a shape close to a right angle can
be prepared by the plate frame portion 13 of the lower
surface 3f of the frame 3. Accordingly, 1t 1s possible to set the
outer circumierential shape of the plurality of embedded
tissue sections 44 prepared by slicing the embedded block
24 to have a quadrilateral shape having four right-angled
corners. When selecting the tissue section 42 to be mspected
by attaching the embedded tissue section 44 to a slide glass,
it 1s possible to more accurately grasp the position of the
tissue section 42 to be confirmed even between diflerent
slides based on the four corners of the embedded tissue
section 44.

In the tissue section selection method of the present
invention, the embedded block 24 1s prepared by embedding
all of the biological tissue fragment 22, the thickness stan-
dard substance 21a, and the marker standard substances 215,
21¢, 21d and 21e 1n the same embedding agent 23 (embed-
ded block-preparing step), and the sheet-like embedded
tissue section 44 1n which all of the tissue section 42, the
thickness standard substance section 41e, and the marker
standard substance sections 41d, 41¢, 415 and 41a appear on
the same surface 1s prepared by slicing the embedded block
24 (embedded tissue section preparing step). In addition,
according to the tissue section selection method, the tissue
section to be nspected 1s selected by calculating the thick-
ness of the tissue section 42 based on the color tone (light
signal) of the thickness standard substance section 41le
(tissue section selecting step, tissue section thickness deter-
mimng step), and the tissue section 42 to be inspected 1s
selected based on, for example, the color tone (light signal)
ol the marker standard substance section 41a after the tissue
section thickness determining step (tissue section selecting
step, marker suitability determining step).

Accordingly, the tissue section selection method enables
calculation of the thickness of the tissue section 42 from the
color tone of the thickness standard substance section 41e by
using the sheet-like embedded tissue section 44 1n which the
tissue section 42 and the thickness standard substance sec-
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tion 41e appear on the same surface. Thus, according to the
tissue section selection method, only the tissue section 42

having an optimum thickness for the inspection 1s selected,
and the inspection can be performed only on the selected
tissue section 42, whereby, it 1s possible to suppress an error
in the mspection result.

According to the tissue section selection method, i1t 1s
possible to calculate a staining intensity score from the color
tone of the marker standard substance section 41a by using
the embedded tissue section 44 1n which the tissue section 42
and the marker standard substance section 41a appear on the
same surface. In this case, according to the tissue section
selection method, the tissue section 42 to be inspected 1s
selected based on the staining intensity score of the marker
standard substance section 41a. Therefore, according to the
tissue section selection method, 1t 1s possible to more
accurately determine the suitability of the detection result of
the marker, and thus the inspection can be performed only on
the tissue section 42 optimum for the mnspection, thereby
enabling suppression of an error in the mspection result.

Particularly, in the tissue section selection method, after
selecting the tissue section 42 to be mspected by calculating,
the thickness of the tissue section 42 based on the color tone
of the thickness standard substance section 41e, a staining
intensity score 1s further calculated based on the color tone
of the marker standard substance section 414, and then the
tissue section 42 to be inspected 1s selected. Thus, according
to the tissue section selection method, it 1s possible to select
only the tissue section 42 having a desired thickness and
determine suitability of the detection result of the marker
with respect to the selected tissue section 42. Thus, it 1s
possible to suppress occurrence of an error in the 1inspection
result.

In the tissue section selection method, 1t 1s possible to
prepare the embedded tissue section 44 in which the tissue
section 42 and the marker standard substance sections 414,
41c, 416 and 41a appear on the same surface by slicing the
embedded block 24. Thus, 1t 1s possible to compare during
inspection the stained tissue section 42 with the marker
standard substance sections 414, 41¢, 4156 and 41a all of
which were prepared and stained under the same condition.
Therefore, 1t 1s possible to prevent the influence due to the
difference in preparation conditions and/or the staining
conditions, and to more accurately perform the inspection
with respect to the tissue section 42.

(6) Modified Example

Incidentally, the present invention 1s not limited to the
above-described embodiment, and wvarious modifications
can be made within the scope of the gist of the present
invention. For example, the shape, size and the like of the
tray 30 are not particularly limited, and can be appropriately
selected 1n accordance with the embedded block-preparing,
cassette 1. For example, those which are conventionally sold
under the name of an embedding dish or the like can be used
as the tray 30, or the tray may be prepared 1n accordance
with the shape, size and the like of the embedded block-
preparing cassette. Further, the number of positioning holes
5a may be the same as the number of standard substances 21,
or may be equal to or greater than the number of standard
substances 21.

In the above-described embodiment, while a case where
the plate frame portion 13 1s provided on the lower surface
3/ of the frame 3 has been described, the present mnvention
1s not limited thereto, and the plate frame portion 13 may not

be provided on the lower surface 3f of the frame 3. FIG. 6
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in which the parts that correspond to those of FIG. 4B are
given the same reference numerals 1s a schematic view
illustrating a configuration when the embedded block 24 1s
prepared by using the embedded block-preparing cassette 1
in which the plate frame portion 13 1s not provided on the
lower surface 3/ of the frame 3. As 1illustrated 1n FIG. 6, the
embedding agent 23 1n the embedded block 24 can have the
same outer shape as that of the accommodating portion 31
of the tray 30. Therefore, for example, although the plate
frame portion 13 is not provided, the embedding agent 23
has the four rounded corners in the rectangular parallelepi-
ped shape. However, the operation of removing the plate
frame portion 13 as illustrated 1n FIGS. 4A and 4B becomes
unnecessary, and thus 1t 1s possible to reduce the work
burden.

In the above-described embodiment, while the thickness
standard substance 21a and the marker standard substances
216, 21c, 21d and 21e are used, and thus the standard
substance-positioning portion 5 provided with the five posi-
tioming holes 5a has been described, the present invention 1s
not limited thereto, and any standard substance-positioning,
portion provided with at least one positioning hole, such as
one positioning hole or two positioning holes, may be used.
In particular, 1t 1s desirable to have at least two positioning
holes such that each of the thickness standard substance 21a
and the marker standard substance 21e can be embedded
one-by-one 1n the embedded block 24.

In the above-described embodiment, the standard sub-
stance-positioning portion 5 in which the three positioning
hole-forming portions 5/, 53/ and 5j arranged 1n series and
the two positioning hole-forming portions 35g and 5i
arranged 1n series are arranged 1n two rows. But the present
invention 1s not limited thereto, and the positioning hole-
forming portions may be disposed in various positions such
as 1n one row or three rows in the standard substance
positioning portion. For example, FIGS. 7A and 7B are
schematic views 1illustrating an upper surface configuration
of the embedded block-preparing cassettes 31 and 61
according to another embodiment. As 1llustrated 1n FIG. 7A,
the opening 4 1n a box body 52 may be provided with a
standard substance positioning portion 535 in which a plu-
rality of positioning hole-forming portions 5/, Sg, 54, 5/ and
57 are arranged 1n one row. Further, as 1llustrated in FIG. 7B,
four positioning hole-forming portions 3g, 5%, 5i and 57 may
be arranged 1n one row 1n the opening 4 of a box body 62,
and also may be provided a standard substance-positioning
portion 65 in which the remaining one positioning hole-
forming portion 5/ 1s disposed in a position different from
the row of the positioning hole-forming portions 5g, 54, 5i
and 3;.

The height of the standard substance 21 has desirably
such length that the standard substance 21 can be supported
by the positioning hole-forming portion in a state where one
end of the standard substance 21 abuts the tray bottom 34
although the present invention 1s not limited thereto. For
example, 1n the above-described embodiment, the standard
substance 21 1s disposed over the entire height range of the
biological tissue fragment 22 using the standard substance
21 that 1s equal to or higher than the height range of the
biological tissue fragment 22, but the present invention 1s
not limited thereto. For example, a standard substance may
be disposed only 1n a part of the region of the height range
of the biological tissue fragment 22 using a standard sub-
stance shorter than the height range of the biological tissue
fragment 22.

In the above-described embodiment, a case where the hole
shape of each positioming hole Sa 1n the standard substance-
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positioning portion 5 1s columnar and the standard substance
21 has a columnar shape in conformity with the columnar
hole shape has been described. However, the present inven-
tion 1s not lmmited thereto, and the hole shape of each
positioning hole 5a in the standard substance-positioning
portion 5 may be formed to be various other types, such as
a quadrangular columnar shape or a polygonal columnar
shape, and 1n conformity therewith, the standard substance
21 may also be formed to various other shapes, such as a
quadrangular columnar shape or a polygonal colummnar
shape. Further, as long as the standard substance 21 can be
supported by being mserted 1nto the positioning hole 5a, the
shape of the positioning hole-forming portion, the shape of
the positioning hole, and the shape of the standard substance
are not particularly limited, and for example, the shape of the
positioning hole and that of the standard substance may be
different.

In the above-described embodiment, while a case where
both the standard substance-positioning portion 5 and the
through hole 6 are provided in the region in the opening 4
has been described, the present invention 1s not limited
thereto. For example, different from the opening 4 in which
the through hole 6 1s formed, an opening which penetrates
the upper surface and the lower surface may be provided in
the frame 3, and the standard substance-positioning portion
5 may be provided in the opening.

In the above-described embodiment, while a case where
the quadrilateral through hole 6 1s provided in one of the
regions 1n the opening 4 divided into two by the horizontal
bar 9 has been described, the present invention 1s not limited
thereto, and, for example, a through hole having a circular,
triangular, elliptical or polygonal shape, or the like may be
provided. For example, FIG. 8A 15 a schematic view 1illus-
trating the upper surface configuration of an embedded
block-preparing cassette 71 according to another embodi-
ment. As illustrated 1n FIG. 8A, a plate-like through hole-
forming portion 77 having a circular through hole 76 may be
provided 1n the opening 4 of a box body 72. In addition, in
the above-described embodiment, although a case where one
through hole 6 1s provided has been described, the present
invention 1s not limited thereto. For example, FIG. 8B 1s a
schematic view 1illustrating the upper surface configuration
of an embedded block-preparing cassette 81 according to
another embodiment. As 1illustrated in FIG. 8B, 1n a partial
region of the opening 4 of a box body 82, may be provided
a cross-shaped horizontal bar 87 having a cross shape 1n
which two prismatic members are orthogonal to each other,
and a through hole 86 divided into four.

In the above-described embodiment, while a case where
the positioning hole-forming portions 5/, 8g, 34, 5i, and 5
are {ixed to the imner wall 36 of the frame 3 by the horizontal
bar 9 provided on the mner wall 35 of the frame 3 or the
connecting portion 3m has been described, the present
invention 1s not limited thereto, and the positioning hole-
forming portions 5/, 5¢, 54, 5i and 57 may be fixed to the
inner wall 35 of the frame 3 only by the horizontal bar 9 or
only by the connecting portion Sm. The positioning hole-
forming portions 5/, 5g, 52, 5i and 5/ may be directly fixed
to the mmner wall 36 of the frame 3 without using the
horizontal bar 9 or the connecting portion Sm.

In the above-described embodiment, the tissue section 42
to be mspected 1s selected based on the color tone of the
thickness standard substance section 41e after performing
the staining treatment by the immunohistochemical staining
method. However, the present invention i1s not limited
thereto, and after selecting the tissue section 42 to be
ispected based on the color tone of the thickness standard
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substance section 4le, a treatment by the immunohisto-
chemical staining method may be performed only on the
tissue section-mounting board 40 having the selected tissue
section 42.

In the above-described embodiment, the corner of the
embedded tissue section 44 1s used 1n order to more accu-
rately grasp the observation position of the tissue section 42
between each slide. However, 1n order to manage the obser-
vation position with higher accuracy, may be used, for
example, a microscope system having a position synchro-
nization function of a slide glass having a reference for
position management, a high accuracy XY stage having
means for correcting a rotation error of the placed slide glass
when the slide glass 1s placed, or the like.

In the above-described embodiment, the color tone of the
thickness standard substance section 4le and the staining
intensity ol the marker standard substance section 41a are
scored using the image taken by the digital camera and the
above-described Equation (1). However, the present inven-
tion 1s not limited thereto, and the color tone of the thickness
standard substance section 4le and the color tone of the
marker standard substance section 41a may be visually
observed using a microscope, and the score may be deter-
mined based on a color sample, a tissue section determina-
tion example or the like.

The above-described embodiment has been described by
way ol an example wherein the tissue section 1s selected to
be used for the inspection method for specifically detecting
the HER2/neu protein contained in the biological tissue by
the immunohistochemical staining method and inspecting
the state of the living body. However, the present invention
1s not limited thereto, and the present invention may be
applied as a marker to a case of detecting ALK fusion
protein, PD-L1, estrogen receptor, progesterone receptor,
EGF receptor, somatostatin, S-100, and the like by an
immune tissue staining method.

Furthermore, the present invention may be applied to a
case ol selecting a tissue section used for an inspection
method for inspecting the state of a living body by specifi-
cally detecting specific genes (markers), such as HER2/neu,
ALK, PD-L1, estrogen receptor and progesterone receptor
contained 1n the tissue section by a fluorescence in situ
hybridization (FISH) method or a chromogenic in situ
hybridization (CISH) method.

In the FISH method, a marker in the tissue section 1is
detected by binding the marker in the tissue section to a
probe to which a tfluorescent label 1s bound by hybridization,
and then detecting fluorescence of the tissue section with a
fluorescence microscope. In this case, a fluorescence inten-
sity as a light signal from the standard substance section 1s
scored, and the tissue section 42 to be inspected 1s selected
based on the thickness of the tissue section 42 and the
fluorescence intensity score.

In the CISH method, a marker in the tissue section 1s
detected by binding the marker in the tissue section to a
probe to which an alkaline phosphatase-labeled anti-digoxi-
genin (DIG) antibody or the like 1s bound by hybridization,
and by detecting chromogenic development of the alkaline
phosphatase substrate. In this case, a chromogenic intensity
as a light signal from the standard substance section 1is
scored, and the tissue section 42 to be inspected is selected
based on the thickness of the tissue section 42 and the
chromogenic intensity score.

In the case of the FISH method or the CISH method
described above, the marker standard substance including
the markers used for each method 1s prepared, and the
marker standard substance may be inserted into the posi-
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tioning hole 5a 1 the embedded block-preparing cassette 1
during preparation of the embedded block.

In the above-described embodiment, a case where a
pigment-containing urethane foam 1s used as the thickness
standard substance 21a has been described. However, the
present invention 1s not limited thereto, and various cells that
express an endogenous protein can also be used as the
thickness standard substance 21a. In this case, the endog-
enous protein exhibiting a constant expression level 1n
various cells 1s stained by the immunochistochemical stain-
ing, and the color tone of the staining intensity of the cells
1s detected as a light signal. As the cells, for example, cells
that express endogenous proteins, such as [-actin, COX-4,
GAPDH, lamin B1, PCNA, tubulin and CID34, can be used.
More specifically, for example, HER2 positive cell line
SK-BR-3, cell line MDA-MB-453, or Hela cells derived
from human cervical cancer and the like can be used. Since
the expression level of the endogenous protein 1s substan-
tially constant in each cell, the amount of cells changes
corresponding to the thickness of the thickness standard
substance 21a, and the expression level of the endogenous
protein also changes. In addition, the color tone of the
staining 1ntensity by the immunohistochemical staining
changes corresponding to the thickness of the cells. There-
fore, by using the cell as the thickness standard substance
21a, the thickness of the tissue section 42 can be calculated
based on the color tone of the thickness standard substance
21a, and the tissue section 42 used for the mspection can be
selected.

In a case where the cell that expresses a marker such as,
for example, HER2/neu protein in addition to the endog-
enous protein 1s used as the thickness standard substance
21a, the thickness standard substance 21a can also be used
as a marker standard substance. In this case, first, the
embedded tissue section 44 1s prepared using the thickness
standard substance 21a, and the endogenous protein and the
marker which are expressed in the thickness standard sub-
stance section 41e are respectively stained by the immuno-
histochemical staining. Next, the surface of the thickness
standard substance section 4le 1s photographed. Subse-
quently, the staining intensity score of the endogenous
protein and the staiming intensity score of the marker are
respectively calculated using the above-described Equation
(1) from the mmage of the thickness standard substance
section 41e, and the ratio between the score of the endog-
enous protein and that of the marker 1s calculated. When the
ratio of the scores 1s within a predetermined value range, 1t
1s determined that the staining treatment 1s approprate, and
the tissue section 42 i1s selected as a tissue section to be
inspected. Since the endogenous protein and the marker are
stained 1n different colors, the score of the endogenous
protein and the score of the marker can be calculated from
the 1mage of one fragment of the thickness standard sub-
stance section 41e.

(7) Verification Experiment

(7-1) Verification Experiment 1

In verification experiment 1, a blue pigment-containing
urethane foam 1s used as the thickness standard substance,
and a relationship between the color tone of the blue
pigment-containing urethane foam and the thickness of the
tissue section was verified. Incidentally, as illustrated in FIG.
5, the embedded tissue section 44 has the embedding agent
section 43 and the tissue section 42 formed on the same
surface, and thus the thickness of the embedding agent
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section 43 was deemed as the thickness of the tissue section
42. In addition, since it 1s considered that the embedded
tissue section has no significant change in the gradient of the
calibration curve to be prepared regardless whether or not
the embedded tissue section includes a tissue section, a
section 1n which the tissue section 42 1s not embedded was
used hereinafter as the embedded tissue section for verifi-
cation.

(7-1-1) Preparation of Thickness Standard Substance

To a polyol which 1s a soft urethane foam matenial, a
foaming agent, a foam stabilizer and a catalyst, a blue
pigment (manufactured by Resino Color Industries) in an
amount of 4.5% of the total mass was added and mixed by
stirring. By foaming the mixed material after molding, a
blue pigment-containing urethane foam having a size of 100
to 110 mm 1n length, 60 to 70 mm 1n width and 30 to 40 mm
in height, and a weight of 35 to 45 g was prepared.

The blue pigment-containing urethane foam was cut 1n a
height direction 1nto a sheet with a width of approximately
5> mm such that a cutting surface 1s parallel to the lateral
direction of the blue pigment-containing urethane foam.
Subsequently, from the sheet-like blue pigment-containing
urethane foam, a part of the vicinity of the center where the
number of bubbles contained 1n the blue pigment-containing,
urethane foam 1s small was excised, and sheet-like small
urethane foam fragments having a thickness of approxi-
mately 5 mm were prepared.

The small urethane foam fragments were placed 1 a
commercially available parailin-embedded block-preparing
cassette EB-W (manufactured by Olympus), and an 1mmo-
bilization treatment 1s performed using a closed type auto-
matic immobilization embedding apparatus Tissue-Tek VIP
(manufactured by Sakura Finetek Japan). A thickness stan-
dard substance was prepared by hollowing out the 1mmo-
bilized small urethane foam fragment 1nto a columnar shape
by using tissue micro-arrayer apparatus KIN-2-type (manu-
factured by Azumaya Medical Instruments Co., Ltd.).

(7-1-2) Preparation of Embedded Block Containing
Thickness Standard Substance

In order to prepare an embedded tissue section for veri-
fication 1n which the tissue section 42 1s not embedded, the
embedded block-preparning cassette 1 was placed on the tray
30 without placing a biological tissue section on the tray
bottom 34. The thickness standard substance 21a was
inserted into the positioning hole 5¢ i1n the embedded
block-preparing cassette 1, and then liquefied paraflin was
poured from the opening 4 of the embedded block-preparing,
cassette 1. After the parathn was cooled and solidified, the
embedded block-preparing cassette 1 was removed from the
tray 30, and the plate frame portion 13 was removed to
obtain an embedded block 1n which only the thickness
standard substance 21a was embedded.

(7-1-3) Preparation of Embedded Tissue Section for Veri-
fication

The embedded block 1n which only the thickness standard
substance 21a was embedded was set 1n the microtome
(manufactured by Daiwa Koki Kogyo Co., Ltd.). The slicing
thickness of the microtome was set to 2 um, the embedded
block was sliced by the microtome, and ten embedded tissue
sections for verification having a nominal thickness (here-
iafter, referred to as nominal thickness) of 2 um were
prepared. The thickness standard substance sections 41e
were exposed on both surfaces of the embedded tissue
sections for verification.

Similarly, ten embedded tissue sections for verification
cach of which has a nominal thickness of 3 um, 4 um, 5 um,
and 6 um were prepared. The embedded tissue sections for
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verification were attached to a slide glass (manufactured by
Muto Glass Industrial Co., Ltd., Japan) one by one, and then
dried at 37° C. overmight. In addition, the embedded tissue
sections for verification have the same configuration as the
embedded tissue section 1llustrated in FIG. 5 except that they
do not include the tissue section and the marker standard
substance section, and the circumierence of the thickness
standard substance section 41e 1s surrounded by a sheet-like
embedding agent section.

(7-1-4) Preparation of Calibration Curve for Calculating
Thickness of Tissue Section

A shide glass with the embedded tissue section for veri-
fication was placed on a sample stage of the microscope
system (manufactured by Nikon Co., Ltd.) maintained hori-
zontally, and the height of the embedding agent section from
the board was measured at four locations using optical
interferometry by means of Vert Scan (registered trademark,
manufactured by Ryoka System Co., Ltd., Ver. 1.0.3). The
average value of the height measured at four locations was

regarded as the thickness of the tissue section. The mea-
surement conditions of Vert Scan were set as follows: the
wavelength filter: 530White, the two-beam interference
objective lens magnification: 10 times, the measurement
mode: Wave mode.

A method for measuring the thickness of the embedding
agent section will be specifically described. The XY stage,
/. stage, and tilt stage of the sample stage of the microscope
system were adjusted such that one of the four sides of the
embedding agent section was projected on a measurement
screen of a monitor attached to the microscope system, and
the sample stage of the microscope was moved. A vertically
moving handle was operated and adjusted to obtain the
strongest contrast in the interference fringes in the image
displayed on the monitor. The gradient of the sample stage
was adjusted so that the number of the interference fringes
in the 1image of the monitor becomes approximately 2 to 7.
Measurement was performed, and whether or not the slide
glass was placed horizontally was further confirmed by
using as an indication that the color tone of the slide glass
region in the measurement screen of the monitor 1s constant.

Subsequently, a partial region of the slide glass surface
used as a reference for the thickness of the embedding agent
section was designated, and a correction treatment for
removing the influence of surface roughness and waviness
of the designated region was performed. A partial region of
the surface of the embedding agent section was designated,
and the height of one side of the embedding agent section
was measured with respect to the designated region of the
slide glass surface after the correction treatment. The opera-
tion was also performed on the other three sides of the
embedding agent section, and the average value of the
measured heights of the four sides was regarded as the
thickness of the tissue section.

Similarly, the thickness of the tissue section was calcu-
lated for all of the prepared embedded tissue sections for
verification. Excluded were those embedded tissue sections
for verification 1n which a difference in thickness of any one
of the four sides of the embedding agent section from the
nominal thickness exceeds 2.0 um, and those embedded
tissue sections for verification 1n which the thickness of the
tissue section 1s calculated to have an existence probability
of less than 0.3% when the variation in thickness 1s regarded
as a normal distribution. As a result, a total of forty-two
embedded tissue sections for verification were obtained,
which 1nclude seven embedded tissue sections for verifica-
tion having a nominal thickness of 2 um, seven embedded
tissue sections for verification having a nominal thickness of
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3 um, nine embedded tissue sections for verification having
a nominal thickness of 4 um, ten embedded tissue sections
for verification having a nominal thickness of 5 um, and nine
embedded tissue sections for verification having a nominal
thickness of 6 um.

With respect to the forty-two embedded tissue sections for
verification, by performing a deparaflinization treatment by
a general method that has been already established, only the
thickness standard substance section 41e was allowed to be
present on the slide glass by removing the embedding agent
section. In order to prevent the thickness standard substance
section 41e from drying over time, a mounting medium was
dropped onto the slide glass to cover the thickness standard
substance section 41e with a cover glass.

Next, a slide glass on which the thickness standard
substance section 41e was mounted was placed on the stage
of the microscope (manufactured by Carl Zeiss Co., Ltd.)
provided with a digital camera (manufactured by Canon
Inc., EOS-1D), and the surface of the thickness standard
substance section 41e was photographed by focusing on the
surface ol the thickness standard substance section 4le.
Thus, an 1mage of the thickness standard substance section
41e was obtained (photographing conditions: objective lens
magnification: 2.5 times, shutter speed: 1/250, ISO: 800,
LED: 19.9%, WB correction: A9/(G9).

Based on the image of the thickness standard substance
section 41e, the color tone of the thickness standard sub-
stance section 41e was scored using a measurement program
(manufactured by Canon Inc.). Specifically, by using the
measurement program, the pixels of the color tone 1n a hue
range of 272° to 305°, a chroma range of 0 to 31, a
brightness range of a R value of 0 to 71, a brightness range
of a G value of 0 to 77, and a brightness range of a B value
of 0 to 77 were extracted from the image of the thickness
standard substance section 41le, and the color tone was
scored by using the above-described Equation (1).

In addition, as 1llustrated 1n FIG. 9, the result was plotted,
wherein a horizontal axis indicates a thickness of the tissue
section (height average value of the embedding agent sec-
tion), and a vertical axis indicates a score of the color tone
of the thickness standard substance section 4le. A linear
approximate equation was calculated by the least square
method based on the plot, and was regarded as a calibration
curve. By the linear approximate equation calculated by the
least square method, 1t was possible to prepare a calibration
curve having a hlgh correlation coeflicient.

In this manner, since the thickness of the tissue section
and the score of the color tone of the thickness standard
substance section 41¢ are 1n a proportional relationship, 1t 1s
possible to calculate from the color tone of the thickness
standard substance section 4le, by using the calibration
curve, the thickness of the tissue section that 1s embedded in
the same embedded tissue section as the thickness standard
substance section 41e.

In addition, for example, with respect to the embedded
tissue section prepared by setting the slicing thickness by the
microtome to 4 um, 1t 1s possible to calculate the thickness
of the tissue section from the color tone of the blue pigment-
contaiming urethane foam (thickness standard substance
section 41¢) on the slide glass after attaching the embedded
tissue section to the slide glass and eflecting a deparaflini-
zation treatment and a staining treatment. The tissue section
in which the thickness 1s within a predetermined thickness
range centering on 4 um can be selected as a tissue section
to be mspected. In this manner, 1t was possible to confirm
that the calibration curve that represents a relationship
between the thickness of the tissue section and the color tone
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of the thickness standard substance could be an index for
selecting the tissue section to be mspected.

(7-2) Verification Experiment 2

In verification experiment 2, by using cells that express
B-actin as the thickness standard substance 21a, the rela-
tionship between the color tone of the cells and the thickness
of the tissue section 42 was verified. In addition, since the
embedded tissue section 44 has the embedding agent section
43 and the tissue section 42 formed on the same surface, as
illustrated 1in FIG. 3, the thickness of the embedding agent
section 43 was regarded as the thickness of the tissue section
42. Further, since 1t 1s considered that the embedded tissue
section 44 has no significant change 1n the gradient of the
calibration curve to be prepared between the cases where an
embedded tissue section 44 includes the tissue section 42
and does not include the tissue section 42, an embedded
tissue section in which the tissue section 42 1s not embedded
was used hereinaiter as the embedded tissue section for
verification.

(7-2-1) Preparation of Anti-B-Actin Rabbit Polyclonal
Antibody

Antiserum was collected from a rabbit immumzed with
3-actin synthetic peptide, and anti-[3-actin rabbit polyclonal
antibody was prepared by antibody purification. A marker of
a control sample was stained by immunohistochemaical stain-
ing by using this antibody as a primary antibody and the
staining results were evaluated. 1t was confirmed that 1t was
possible to stain the marker with a smaller amount of this
antibody compared with the case where an existing anti-{3-
actin monoclonal antibody (c4 SC-47778, manufactured by
Santa Cruz Biotechnology, Inc.) was used. In the verification
experiment 2, the anti-p-actin rabbit polyclonal antibody
prepared as described above was used.

(7-2-2) Preparation of Thickness Standard Substance

In the verification experiment 2, an HER2 positive cell
line SK-BR-3 (corresponding to HER2 IHC score 3+) was
used as a cell. First, a paraﬁin—embedded block 1 which
only the SK-BR-3 cell line was embedded in parailin was
prepared, and the paraflin-embedded block was hollowed
out using a tissue arrayer apparatus type KIN-2 (manufac-
tured by Azumaya Medical Instruments Co., Ltd.) to give a
thickness standard substance 21a.

(7-2-3) Preparation of Embedded Block Contaiming
Thickness Standard Substance

In order to prepare an embedded tissue section for veri-
fication 1n which the tissue section 42 1s not embedded, here,
the embedded block-preparing cassette 1 was placed on the
tray 30 without placing the biological tissue fragment 22 on
the tray bottom 34. The thickness standard substance 21a
was 1nserted into the positioning hole 5a 1n the embedded
block-preparing cassette 1, and then liquefied paratlin was
poured from the opening 4 of the embedded block-preparing
cassette 1. After the para Tin was cooled and solidified, the
embedded block-preparing cassette 1 was removed from the
tray 30, and the plate frame portion 13 was removed to
obtain an embedded block 1 which only the thickness
standard substance 21a was embedded.

(7-2-4) Preparation of Embedded Tissue Section for Veri-
fication

An embedded block 1n which only the thickness standard
substance 21a was embedded was set in the microtome
(manufactured by Daiwa Koki Kogyo Co., Ltd.). The slicing
thickness of the microtome was set to 2 um, and the
embedded block was sliced by the microtome to give ten
embedded tissue sections for verification having a nominal
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thickness (hereinafter, referred to as nominal thickness) of 2
um. The thickness standard substance sections 4le were
exposed on both surfaces of the embedded tissue sections for
verification.

Similarly, ten embedded tissue sections for verification
were prepared for each nominal thickness of 3 um, 4 um, 3
um, and 6 um, and fifty (30) 1n total of embedded tissue
sections for verification were prepared. The embedded tissue
sections for verification were attached to the slide glass
(manufactured by Muto Glass Industrial Co., Ltd.) one by
one, and then drnied at 37° C. overnight. Incidentally, the
embedded tissue section for verification has the same con-
figuration as the embedded tissue section 44 illustrated 1n
FIG. § except that the tissue section and the marker standard
substance section are not included, and the circumierence of
the thickness standard substance section 41e 1s surrounded
by the sheet-like embedding agent section 43.

(7-2-5) Preparation of Calibration Curve for Calculating
Thickness of Tissue Section

In the same manner as that 1n the verification experiment
1, the height of the embedding agent section of the embed-
ded tissue section for verification was measured, and the
thickness of the embedding agent section was calculated.
After calculating the thickness of the embedding agent
section for each embedded tissue section for verification, the
deparaflinization treatment and antigen retrieval treatment
(100° C., 40 minutes, pH 6) were performed according to a
general method already established on the embedded tissue
section for verification attached to the slide glass. After
removing the endogenous peroxidase, the thickness standard
substance section 41e was washed with PBS, and a primary
antibody reaction with the anti-actin rabbit polyclonal anti-
body prepared in the “(7-2-1) Preparation of Anti-p-Actin
Rabbit Polyclonal Antibody” was performed on {3-actin
expressed 1n HER?2 positive cells 1n the thickness standard
substance section 4le. The thickness standard substance
section 41e was washed again, and Simple Stain MAX-PO
(MULTI) (manufactured by Nichire1 Biosciences Inc.) was
dropped onto the thickness standard substance section 41¢ at
a concentration of 4 ug/ml, and secondary antibody reaction
was performed at room temperature for 30 minutes. The
thickness standard substance section 41e¢ washed again was
subjected to DAB staiming by a general method and washed
again, and nuclear staining was pertormed using Mayer’s
Hematoxylin solution. After the thickness standard sub-
stance section 41e was washed and subjected to dehydration,
permiation, and medium-mounting, 1t was covered with a
cover glass.

The thickness standard substance section 41e¢ on which
the above-described p-actin staiming treatment was per-
tormed was placed on the slide glass and the slide glass was
placed on the sample stage of the microscope (manufactured
by Carl Zeiss), and by focusing on the cell membrane of the
cell m which the stain of DAB was confirmed by the
objective lens at a magnification ratio of 40, the thickness
standard substance section 41e¢ was photographed by the
camera (manufactured by Canon Inc., EOS-1D) mounted on
the microscope (shutter speed: 1/250, ISO: 800, LED:
19.9%, WB correction: A9/G9). From the photographed
image, pixels having a specific color tone (hue: 272-305°,
chromarange: 0to 51, R: 0to 71, G: 0to 77, B: 0to 77) were
extracted by using the measurement program (manufactured
by Canon Inc.), and the color tone of the staining intensity
of the thickness standard substance section 41e was scored
using the above-described Equation (1).

Then, as illustrated i FIG. 10, the result was plotted,
wherein a horizontal axis indicates the thickness of the tissue
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section (height average value of the embedding agent sec-
tion), and a vertical axis indicates the score of the color tone
of the thickness standard substance section 41e, and a linear
approximate equation was calculated by the least squares
method based on the plot, and this was regarded as the
calibration curve. In the linear approximate equation calcu-
lated by the least squares method, it was possible to prepare
a calibration curve having a high correlation coeflicient.

Accordingly, since the thickness of the tissue section and
the score of the color tone of the staining intensity of the
thickness standard substance section 41e were 1n a propor-
tional relationship, 1t 1s possible to calculate the thickness of
the tissue section embedded in the same embedded tissue
section as the thickness standard substance section 41e by
using the calibration curve from the color tone of the
thickness standard substance section 41e.

In addition, for example, with respect to the embedded
tissue section prepared by setting the slicing thickness by the
microtome to 4 um, 1t 1s possible, by attaching the embedded
tissue section to the slide glass, to calculate the thickness of
the tissue section from the color tone of the stained cell
(thickness standard substance section 41e) which express
3-actin on the slide glass after a deparathnization treatment
and a stamning treatment. The tissue section i which the
thickness 1s within a predetermined thickness range center-
ing on 4 um can be selected as a tissue section to be
inspected. Thus, even 1n a case where the cell which
expresses endogenous protein was used as the thickness
standard substance, 1t was confirmed that the calibration
curve that represents a relationship between the thickness of
the tissue section and the color tone of the thickness standard
substance could be an 1index for selecting the tissue section
to be inspected.

(7-3) Verification Experiment 3

In verification experiment 3, a relationship between the
staining intensity score based on the color tone of the stained
marker standard substance and the thickness of the tissue
section was verified. The thickness of the tissue section 1s
calculated using the same method as that 1n the verification
experiment 1. In addition, following the verification experi-
ment 1, an embedded tissue section for verification that did
not contain a tissue section and a thickness standard sub-
stance was used as the embedded tissue section.

(7-3-1) Preparation of Marker Standard Substance

In the verification experiment 3, similar to the above-
described embodiment, a marker standard substance 215
made from the cell line MDA-MB-231 that exhibits negative
staining result, a marker standard substance 21¢ made from
the cell line MDA-MB-175VI1I that exhibits a staining result
of 1+, a marker standard substance 214 made from the cell
line MDA-MB-453 that exhibits a staining result of 2+, and
a marker standard substance 21e made from the cell line
SK-BR-3 that exhibits a staining result of 3+, were provided
as a marker standard substance that serves as a reference for
the suitability of the marker detection results.

Specifically, control cell embedded blocks, 1n which each
of the above-described cell lines was embedded in the
embedding agent consisting of parathn, were respectively
prepared, and each of the control cell embedded blocks was
hollowed out 1nto a columnar shape using BIOPSY PUNCH
(manufactured by Kai Industries Co., Ltd.) to obtain four
types of marker standard substances.
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(7-3-2) Preparation of Embedded Block Containing
Marker Standard Substance

In order to prepare an embedded tissue section for veri-
fication 1n which the tissue section 42 1s not embedded, here,
the embedded block-preparing cassette 1 was placed on the
tray 30 without placing the biological tissue fragment on the
tray bottom 34. Each of the marker standard substances 215,
21¢, 21d, and 21e was 1nserted 1nto each of the positioning
holes 5a 1n the embedded block-preparing cassette 1, and
then liquefied parathin was poured thereto from the opening,
4 of the embedded block-preparing cassette 1. After the
parailin was cooled and solidified, the embedded block-
preparing cassette 1 was removed from the tray 30, and an
embedded block 1n which the four types of marker standard
substances 215, 21¢, 21d, and 21e were embedded 1n the

same embedding agent was obtained.

(7-3-3) Preparation of Embedded Tissue Section for Veri-
fication

The embedded block in which only the four types of
marker standard substances 2156, 21c¢, 214, and 21e were
embedded was set 1 the microtome (manufactured by
Yamato Kohki Industrial Co., Ltd.), the embedded block was
sliced while the slicing thickness was 2 um, 3 um, 4 um, and
5 um, and five embedded tissue sections for verification
were prepared for each thickness. The marker standard
substance sections 41d, 41c¢, 415, and 41a were exposed on
both surfaces of the embedded tissue sections for verifica-
tion. In addition, the embedded tissue sections for verifica-
tion were attached to one slide glass (manufactured by
Matsunami Glass Industrial Co., Ltd.) one by one.

(7-3-4) Preparation of Calibration Curve for Evaluating
Whether or not Detection 1s Suitable

In the same manner as 1n the verification experiment 1, the
height of the embedding agent section of the embedded
tissue section was measured. After calculating the thickness
of the embedding agent section for each embedded tissue
section, a deparaflinization treatment, an antigen retrieval
treatment, and an immunohistochemical staining treatment
were performed by using Histofine HER2 Kit (POLY)
(manufactured by Nichire1 Biosciences Inc.). In order to
prevent the marker standard substance section from drying
over time, a mounting medium was dropped onto the slide
glass to cover the marker standard substance sections 414,
d41c, 41b, and 41a with a cover glass.

By using a microscope (manufactured by Carl Zeiss, Axi0
Imager.Z2) provided with a digital camera (manufactured by
Canon Inc., EOS-1D), three pieces of still image of each of
the slides of the marker standard substance sections 414,
d1c, 41b, and 41a were respectively photographed (photo-

graphing conditions: objective lens magnification: 40 times,
aperture: 0.90, shutter speed: 1/125, ISO: 800, LED: 19.9%,

WB correction: A9/G9).

Based on the photographed still images, the staining
intensities of the four types of marker standard substance
sections 41d, 41c, 415, and 41a were respectively scored
based on the color tone of the marker standard substance
sections 41d, 41¢c, 415, and 41a. Specifically, by using a
measurement program (manufactured by Canon Inc.), pixels
ol a predetermined color tone (a color tone having a hue of
50° to 180°, a chroma range of 2 to 40, an R value of 10 to
180, a G value of 10 to 145, and a B value of 10 to 140) were
extracted from the still images of the marker standard
substance sections 41d, 41¢, 415, and 41a, and the color tone
was scored using the above-described Formula (1). Scoring,
was performed on all of the marker standard substance

sections 41d, 41¢, 415, and 41a.
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As 1llustrated 1n FIG. 11, the results were plotted, wherein
a horizontal axis indicates the thickness of the tissue section
(average height value of the embedding agent section) and
a vertical axis indicates the staining intensity score. In
addition, for each of the marker standard substance sections
41d, 41c, 41b, and 41a, a linear approximate equation was
calculated by the least squares method based on the plot, and
this was regarded as a calibration curve. Incidentally, the
negative marker standard substance section 414 was not
stained and thus 1s not illustrated 1n FIG. 11. In the drawing,
Score 1 corresponds to the marker standard substance sec-
tion 41c, Score 2 corresponds to the marker standard sub-
stance section 415, and Score 3 corresponds to the marker
standard substance section 41a. As illustrated 1n FIG. 11, by
the linear approximate equation calculated by the least
squares method, 1t was possible to prepare a calibration
curve having a high correlation coeflicient.

Each calibration curve illustrated in FIG. 11 represents a
staining 1ntensity score based on the color tones of the
marker standard substance sections 41c¢, 415, and 41a when
the tissue section 1s appropniately stained. Therefore, by
plotting the thickness of the tissue section and the staiming
intensity score of the marker standard substance sections
41c, 416, and 41a on the graph 1illustrating the calibration
curve, 1t 1s possible to see whether the difference between the
plot and the calibration curve 1s within an appropriate range.
Accordingly, 1t 1s possible to confirm whether or not the
tissue section 1s appropriately stained by the calibration
curve, and to select the tissue section to be mspected. In this
manner, 1t was possible to confirm that the calibration curve
that represents the relationship between the thickness of the
tissue section and the staining itensity scores of the marker
standard substance sections 41¢, 415, and 41a could be an
index for selecting the tissue section to be inspected.

(8) Immunohistochemical Staining Method Using
Tissue Section Selection Method

(8-1) Series of Work Using Tissue Section
Selection Method of Present Invention

Next, regarding the 1mmunohistochemical staining
method using the above-described tissue section selection
method, a flow of a series of work will be brietly described
with reference to FIG. 12. As 1llustrated 1n FIG. 12, 1n the
immunohistochemical staining method, first, by using the
embedded block-preparing cassette 1 illustrated in FIG. 1,
the embedded block 24 1n which both the biological tissue
fragment 22 and the standard substance 21 are embedded 1n
the same embedding agent 23 1s prepared as 1llustrated in
FIG. 4B.

Then, the embedded block-preparing cassette 1 integrated
with the embedded block 24 1s set on the microtome, and the
embedded block 24 is sliced by the microtome set to a
desired slicing thickness (for example, 4 um) to obtain a
sheet-like embedded tissue section 44. Thereafter, as 1llus-
trated on a left side 1n FIG. 12, a tissue section-mounting
board 40 1n which the embedded tissue section 44 1s
stretched and mounted on the board 46, such as, for
example, a slide glass, 1s prepared.

In the tissue section-mounting board 40 thus prepared, the
tissue section 42, the thickness standard substance section
41e as the standard substance section, and the marker
standard substance sections 41d, 41c¢, 416 and 41a as the
same standard substance sections are exposed on the surface
of the embedding agent section 43.
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Next, for example, the above-described embedding agent
removing treatment, the protease treatment and the endog-
enous peroxidase treatment are sequentially performed.
Thereatter, as the staining treatment by the immunohisto-
chemical staining method, for example, after causing an
antigen antibody reaction in the tissue section 42 using a
primary antibody bound to the HER2/neu protein in the
tissue section 42, a secondary antibody labeling polymer 1s
bound to the primary antibody, and the HER2/neu protein
contained 1n the tissue section 42 1s stained further using a
chromogenic reagent or the like to specifically detect the
HER2/neu protein.

Next, the process proceeds to step S10 1llustrated 1n FIG.
12, and based on the color tone of the thickness standard
substance section 4le, suitability of the thickness of the
tissue section 42 1s determined. For the determination of the
suitability of the thickness of the tissue section 1n step S10,
for example, an 1mage obtained by photographing the sur-
face of the thickness standard substance section 41le 1is
obtained with a microscope provided with a digital camera,
pixels having a predetermined color tone are extracted from
the image of the thickness standard substance section 41e by
using the measurement program, and then the color tone 1s
scored using the above-described Formula (1).

In addition, from the calibration curve that represents a
relationship between the score of the thickness standard
substance section 41e and the thickness, the thickness that
corresponds to the score calculated by the above-described
Formula (1) 1s specified, and this thickness 1s regarded as the
thickness of the tissue section 42. As a result, when the
thickness of the tissue section 42 1s within a predetermined
range (for example, 3 to 5 um), 1t 1s determined that the
thickness of the tissue section 42 1s a thickness approprate
for the mspection, and the process proceeds to the next step
S11.

Meanwhile, when the thickness of the tissue section 42 1s
out of the predetermined range (a thickness that corresponds
to a score of less than 3 um (<3 um), or a thickness that
corresponds to a score of more than 5 um (=5 um)), 1t 1s
determined that the thickness of the tissue section 42 1s a
thickness 1nappropriate for the inspection, and thus the
tissue section 42 1s not inspected. The above-described
immunohistochemical staining 1s performed on the other
tissue section-mounting board 40, and then, the same treat-
ment as those described above 1s performed. This process
flow 1s repeated until the tissue section 42 having a prede-
termined thickness 1s obtained.

When 1t 1s determined that the tissue section 42 has a
thickness appropniate for the inspection based on the color
tone of the thickness standard substance section 41e, it 1s
determined in step S11, for example, whether or not staining
of the HER2/neu protein in the tissue section 42 1s appro-
priately performed, based on the color tone of the marker
standard substance section 41a.

For the determination as to whether or not staining 1s
appropriately performed, for example, an 1image 1s obtained
by photographing the surface of the marker standard sub-
stance section 41a with a microscope provided with a digital
camera, and by using the measurement program, pixels
having a predetermined color tone are extracted from the
image ol the marker standard substance section 41qa, and the
color tone 1s scored using the above-described Equation (1).

In addition, from the calibration curve that indicates a
relationship between the staiming intensity score of the
marker standard substance section 41a and the thickness of
the tissue section 42, and based on the thickness of the tissue
section 42 calculated above and the staining intensity score
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of the marker standard substance section 41a, evaluation 1s
ellected as to whether or not the staining intensity score of

the marker standard substance section 41a 1s within a
predetermined range referring to the calibration curve.

As a result, when the staining intensity score 1s within a
predetermined range with respect to the calibration curve, 1t
1s determined that the staining of the HER2/neu protein 1n
the tissue section 42 1s appropriate, and the process proceeds
to the next step S13. On the other hand, when the staining
intensity score deviates from the predetermined range with
respect to the calibration curve, 1t 1s determined that the
staining of the HER2/neu protein in the tissue section 42 1s
inappropriate, and inspection 1s not effected on the tissue
section 42. And the above-described immunohistochemical
staining 1s performed on the other tissue section-mounting
board 40 and then, a treatment similar to those described
above 1s performed. In this manner, the process flow of the
immunohistochemical staining, step S10 and step S11 1s
repeated until a tissue section 42 having a predetermined
staining intensity 1s obtained.

In step S13 (determination of human specimen), with
respect to the tissue section 42 i which the staining of the
HER2/new protein i1s determined to be appropriate, the
operator compares the color tone of the tissue section 42

with the color tone of the marker standard substance sections
41d, 41c, 415 and 41a, and the tissue section 42 1s inspected.

(8-2) Verification Experiment 4

Here, a verification experiment was performed, wherein a
series ol operation 1llustrated in FIG. 12 was actually
performed continuously, and the thickness of the tissue
section and the staining intensity score of the marker stan-
dard substance section were examined and compared with
the calibration curve of “Score 3” illustrated in FIG. 11.
Here, similar to the verification experiment 1, the blue
pigment-containing urethane foam was used as the thickness
standard substance, and the marker standard substance 21e
made from the cell line SK-BR-3 showing a staining result
ol 3+ was used as a marker standard substance that serves as
a reference for the suitability of the marker detection result.

The embedded block 1n which the thickness standard
substance 21a and the marker standard substance 21e were
embedded was set in the microtome (manufactured by
Yamato Kohki Industrial Co., Ltd.), and the embedded block
was sliced while setting the slicing thickness to 4 um to give
five embedded tissue sections for verification. The thickness
standard substance section 41e¢ and the marker standard
substance section 41a were exposed on both surfaces of the
embedded tissue section for verification. In addition, the
embedded tissue sections for verification were attached one
by one to a slide glass (manufactured by Matsunami Glass
Industrial Co., Ltd.).

Next, a deparailimization treatment, an antigen retrieval
treatment, and an immunohistochemical staining treatment
were performed by using Histofine HER2 Kit (POLY)
(manufactured by Nichire1 Biosciences Inc.). In order to
prevent the marker standard substance section 4la from
drying over time, a mounting medium was dropped onto the
slide glass to cover the marker standard substance section
41a with a cover glass.

Next, the above-described slide glass was placed on the
stage ol the microscope (manufactured by Carl Zeiss) pro-
vided with a digital camera (manufactured by Canon Inc.,
EOS-1D), and the surface of the thickness standard sub-
stance section 4le was photographed by focusing on the
surface of the thickness standard substance section 4le.
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Accordingly, an image of the thickness standard substance
section 41e was obtained (photographing conditions: objec-

tive lens magnification: 2.5 times, shutter speed: 1/250, ISO:
800, LED: 19.9%, WB correction: A9/G9).

Based on the image of the thickness standard substance
section 41le, the color tone of the thickness standard sub-
stance section 41e was scored using a measurement program
(manufactured by Canon Inc.). Specifically, by using the
measurement program, the pixels of the color tone 1n a hue
range of 272° to 305°, a chroma range of 0 to 51, a
brightness range of a R value of 0 to 71, a brightness range
of a G value of 0 to 77, and a brightness range of a B value
of 0 to 77 were extracted from the image of the thickness
standard substance section 41e, and the color tone was
scored by using the above-described Formula (1). In addi-
tion, based on the obtained score, the height of the thickness
standard substance section 4le was measured from the
calibration curve 1llustrated 1n FIG. 9.

In addition, using a microscope (manufactured by Carl
Zei1ss, Axio Imager.Z2) provided with a digital camera
(manufactured by Canon Inc., EOS-1D), slides of the still
images of the marker standard substance section 4la were
respectively photographed (photographing conditions:
objective lens: 40 times, aperture: 0.90, shutter speed: 1/125,
ISO: 800, LED: 19.9%, WB correction: A9/G9).

Based on the photographed still image, the staining inten-
sity of the marker standard substance section 41a was scored
based on the color tone of the marker standard substance
section 41a. Specifically, by using the measurement program
(manufactured by Canon Inc.), pixels of a predetermined
color tone (a color tone 1 a hue range of 50° to 180°, a
chroma range of 2 to 40, an R value of 10 to 180, a G value
of 10to 145, and a B value of 10 to 140) were extracted from
the still image of the marker standard substance section 41a,
and the color tone was scored using the above-described
Formula (1).

In addition, as illustrated 1n FIG. 13, the measurement
result of each embedded tissue fragment for verification was
plotted, wherein a horizontal axis indicates the thickness of
the thickness standard substance section 41e, and a vertical
axis 1ndicates the staining intensity score, and the result was
compared with the calibration curve of “Score 3” 1llustrated
in FI1G. 11. Incidentally, the “linear (HS standard Score 3)”
in FIG. 13 indicates a calibration curve of “Score 3” 1n FIG.
11. As a result of the comparison, the diflerence between the
plot and the calibration curve was within an approprate
range, and 1t was possible to confirm whether or not the
tissue section was appropriately stained 1n any of the embed-
ded tissue sections for verification by the calibration curve.
Accordingly, 1t was confirmed that 1t was possible to select
the tissue section to be inspected by the tissue section
selection method of the present invention.

(9) Immunohistochemical Staining Method Using
Tissue Section Selection Method for Determining
Fixed State of Tissue Section

(9-1) Preparation of Tissue Section-Mounting
Board

Here, diffterent from the above-described embodiment, the
tissue section selection method for determining the state of
the fixed tissue section will be described below. In the
embedded block-preparing step of preparing an embedded
block, a biological (living) tissue fragment collected from
the living body 1s usually immersed 1n a fixing solution such
as a formalin aqueous solution for a predetermined period of
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time or more (1immersing step). As a typical fixing solution,
a 10% formalin aqueous solution (4% formaldehyde solu-

tion) obtained by diluting a formalin stock solution with
distilled water or a bufler 1s known.

Here, an appropriate period of time for immersing the
biological tissue fragment 1n the fixing solution depends on
the fixing solution, the size of the biological tissue fragment
or the like. For example, 1n a case of staining the HER2/neu
protein, 1t 1s recommended to immerse the biological tissue
fragment 1n the fixing solution for 6 to 72 hours by using the
above-described 10% formalin aqueous solution (the period
of time for immersing the biological tissue fragment 1n the
fixing solution 1s referred to as a fixing time). By immersing
the biological tissue fragment 1n the fixing solution for the
recommended fixing time, 1t 1s possible to optimally fix the
tissue form or the antigen activity of the biological tissue
fragment by the fixing solution.

In this manner, after the biological tissue fragment 1s
immersed 1n the fixing solution for a predetermined period
of time, the biological tissue fragment 1s placed at a prede-
termined position on the tray (placing step). In addition, the
embedded block-preparing cassette 1s placed on the tray, and
a liquid embedding agent such as parathn that 1s liquefied by
heating 1s poured from the embedded block-preparing cas-
sette onto the tray (liquid embedding agent introducing
step).

The liquid embedding agent 1s poured until the biological
tissue fragment on the tray 1s covered (liguid embedding
agent itroducing step), and by cooling and solidifying the
liguid embedding agent, the biological tissue fragment is
embedded in the embedding agent, and an embedded block
integrated with the embedded block-preparing cassette can
be prepared (soliditying step).

In addition, the embedded block-preparing cassette inte-
grated with the embedded block 1s set 1n the microtome, the
embedded block 1s sliced by the microtome set to a desired
slicing thickness (for example, 4 um), and the sheet-like
embedded tissue section 1s obtained.

Thereafter, as i1llustrated 1n the left side of FIG. 14, for
example, by stretching and mounting the embedded tissue
section 91 on the substrate 46 such as a slide glass, a tissue
section-mounting board 90 1s prepared. Incidentally, the
embedded tissue section 91 of the present embodiment has
a configuration in which the tissue section 42 i1s exposed on
the surface and the circumierence of the tissue section 42 1s
surrounded by the embedding agent section 43.

(9-2) Determination Method of Fixed State of
Tissue Section

Here, when preparing the embedded block, a fixing treat-
ment for fixing the biological tissue fragment obtained from
the living body 1s performed to give an optimal state as to the
tissue form and the antigen activity. However, i, for
example, the period of time for immersing the biological
tissue fragment 1n the fixing solution 1s not suflicient, the
biological tissue fragment 1s unlikely to be optimally fixed.
When the biological tissue fragment 1s not optimally fixed,
the tissue form and the antigen activity of the biological
tissue fragment are not maintained, and then when mspect-
ing the tissue section prepared from the biological tissue
fragment by the immunohistochemical staining theratter, the
tissue sections are unlikely to be stained, and there 1s a
possibility that an error occurs 1n the mspection results.

Here, 1n the present embodiment, 1t 1s determined with
respect to the tissue section-mounting board 90 as to
whether or not the state of the tissue section 42 fixed by the




US 11,733,131 B2

33

fixing solution 1s optimal. In this case, a staining treatment
1s performed on the embedded tissue section 91 by an
immunohistochemical staining, and based on the light signal
from the endogenous protein expressed in the cells 1n the

tissue section 42, it 1s determined whether or not the state of 5

the tissue section 42 fixed by the fixing solution 1s optimal.
Hereinafter, the determination method of the state of the
fixed tissue section 42 will be described.

In the present embodiment, for example, different from
the staining treatment by the immunochistochemical staining,
method for staining the HER2/neu protein of the tissue
section 42, another staining treatment by the immunohisto-
chemical staining method 1s performed on the tissue section-
mounting board 90, and an endogenous protein expressed 1n
the cells 1n the tissue section 42 i1s stained. Here, the color
tone at the time of staining of the endogenous protein on
which the staining treatment by the immunohistochemical
staining method 1s performed changes corresponding to the
state of the biological tissue fragment fixed by the fixing
solution which was performed when the embedded block
was prepared. Based on the color tone of the endogenous
protein contained i1n the tissue section 42, the operator
determines whether or not the fixing treatment on the tissue
section 42 has been appropriately performed.

Here, the endogenous protein contained in the tissue
section and used 1n the determination method 1s desirably
endogenous protein 1 which an expression level does not
substantially change depending on the cell, or endogenous
protein stably expressed at an evaluated position. For
example, this type of endogenous protein 1s desirably CD34
detected 1n capillary endothelial cells.

Since capillary blood vessels are generally present in the
biological tissue fragments that are mspected for the pres-
ence or absence of tumor cells, such as breast cancer, the
CD34 detected 1n the capillary endothelial cells 1s also stably
expressed. In addition, since it 1s known that angiogenesis 1s
generally accelerated around tumors, 1t can be said that 1n a
case where there are tumor cells in the biological tissue
fragment, the CD34 detected in the capillary endothelial
cells 1s stably expressed.

In a case where the CD34 i1s applied as the endogenous
protein expressed 1n the cells i the tissue section, an
ant1-CD34 antibody can be applied as an anti-endogenous
protein antibody that stains the endogenous protein. As the
ant1-CD34 antibody, for example, the anti-CD34 rabbait
polyclonal antibody can be applied.

When more specifically the above-described treatment
steps are described, 1n the present embodiment, aiter obtain-
ing the tissue section-mounting board 90, for example, the
above-described embedding agent removing treatment, the
protease treatment, and the endogenous peroxidase treat-
ment are sequentially performed. Thereafter, as the staining,
treatment by the immunohistochemical staining method, for
example, after causing an antigen antibody reaction in the
tissue section 42 usmg a primary antibody that binds to the
HER2/neu protein in the tissue section 42, a secondary
antibody-labeled polymer 1s bound to the primary antibody,
and the HER2/neu protein contained in the tissue section 42
1s stained further using a chromogenic reagent or the like to
specifically detect the HER2/neu protein.

In addition, at this time, as another staining treatment by
the 1mmunohistochemical staining method, further, after
causing an antigen-antibody reaction in the tissue section 42
using a primary antibody that binds to the endogenous
protein expressed in the cells 1n the tissue section 42, the
secondary antibody-labeled polymer 1s bound to the primary
antibody, and the endogenous protein contained 1n the tissue
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section 42 1s stained further using a chromogenic reagent or
the like to specifically detect the endogenous protein.

In this case, by changing the color tone of the HER2/neu
protein contained 1in the tissue section 42 when 1t 1s stained
and the color tone of the endogenous protein contained in the
tissue section 42 when 1t 1s stained, 1t 1s possible to distin-
guish staining state of the HER2/neu protein from that of the
endogenous protein.

Further, n a case of staining the HER2/neu protein
contained 1n the tissue section 42, 1t 1s confirmed by the
verification experiment that, for example, the CD34 can be
used as the endogenous protemn used for evaluating the
fixing state of the tissue section 42. It has been confirmed
that it 1s possible to avoid overlapping of the color tone of
the stained HER2/neu protein and the color tone of the
stained CD34 1n a case where the CD34 1s applied in the
determination of the fixing state. Therefore, based on the
color tone of the CID34 contained 1n the tissue section 42, the
operator can determine whether or not the fixing treatment
for the tissue section 42 has been appropriately performed.

Here, a tlow of a series ol operation will be briefly
described with reference to FI1G. 14 regarding the immuno-
histochemical staiming method using the tissue section selec-
tion method in the present embodiment. As 1llustrated in
FIG. 14, i the mmmunohistochemical staining method
herein, a staming treatment for staining the HER2/neu
protein contained in the tissue section 42 and a staining
treatment for staining the endogenous protein contained in
the tissue section 42 are respectively performed with respect
to the tissue section-mounting board 90, and the process
proceeds to step S21.

In step S21, the state of the tissue section 42 fixed 1s
determined based on the staining intensity of the endog-
enous protein that 1s contained in the tissue section 42 and
changed by the staining treatment. Incidentally, 1n the deter-
mination of the fixed state of the tissue section 42, for
example, an 1mage obtained by photographing the surface of
the tissue section 42 1s obtained using the microscope
provided with a digital camera, and by using a measurement
program, pixels having a predetermined color tone are
extracted from the image of the tissue section 42, and the
color tone 1s scored using the above-described Formula (1).

Here, as illustrated in FIG. 15, a graph (which will be
described later) that represents a relationship between the
score obtained from the color tone of the endogenous protein
and the fixing time 1s prepared 1n advance. From the graph,
a {ixing time that corresponds to the score calculated by the
above-described Equation (1) 1s calculated, and this value
can be estimated as the fixing time of the tissue section 42.
As a result, when the fixing time of the tissue section 42 1s
equal to or longer than a predetermined time (for example,
24 hours or longer), the fixing time at the time of the fixing
treatment performed on the tissue section 42 1s optimal, and
it 1s determined that the tissue section 42 1s 1n a fixing state
appropriate for the inspection. Then the process proceeds to
the next step S22.

Meanwhile, when the fixing time of the tissue section 42
obtained from the graph is shorter than the predetermined
period of time (when the fixing time that corresponds to the
score 1s shorter than, for example, 24 hours), the fixing time
for the tissue section 42 1s insufhicient, and it 1s determined
that the tissue section 1s 1n a fixing state mnappropriate for the
inspection. Then the determining treatment i1s terminated
without 1nspecting the tissue section 42.

In step S21, when the tissue section 42 to be an 1nspection
target 1s selected based on the color tone of the endogenous
protein contained in the tissue section 42, the operator, in
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step S22 (human specimen determination), compares the
color tone of the HER2/neu protein 1n the tissue section 42
with the control slide prepared in advance, and nspects
whether or not the HER2/neu protein 1s present in the tissue
section 42.

(9-3) Action and Effects

In the tissue section selection method according to the
present embodiment with the above-described configura-
tion, the biological tissue fragment 1s immersed 1n a fixing,
solution for a predetermined time, and then the biological
tissue fragment 1s embedded 1n an embedding agent to
prepare the embedded block (embedded block-preparing
step). Further, the embedded block 1s sliced to prepare the
sheet-like embedded tissue section 91 in which the tissue
section 42 appears on the surface (embedded tissue section-
preparing step).

In the tissue section selection method, when the marker 1s
specifically detected and the tissue section 42 1s selected as
an inspection target, the staining treatment 1s performed on
the embedded tissue section 91 to stain the endogenous
protein expressed 1n the cells in the tissue section 42. Thus,
based on the light signal from the endogenous protein
expressed 1n the cells 1n the tissue section 42, the state of the
tissue section 42 fixed with the fixing solution 1s determined
({ixing state determining step).

In other words, 1n the tissue section selection method
according to the present embodiment, the fixing time of the
tissue section 42 1s estimated from the color tone of the
endogenous protein contained in the tissue section 42.
Accordingly, in the tissue section selection method, only the
tissue section 42 having an optimum {ixing state for the
mspection can be selected, and thus inspection can be
performed only on the selected tissue section 42. Accord-
ingly, 1t 1s possible to suppress occurrence of an error in the
inspection result.

(9-4) Modification Example

Incidentally, the present invention 1s not limited to the
above-described embodiment, and various modifications
can be made within the scope of the gist of the present
invention. While above-described embodiment describes a
case¢ where both the staining treatment for staining the
HER2/neu protein i the tissue section 42 and the staining
treatment for staining the endogenous protein expressed in
the cells 1n the tissue section 42 are performed by the
immunohistochemical staining method, the present inven-
tion 1s not limited thereto. For example, only the staiming
treatment for staining the endogenous protein expressed in
the cells 1n the tissue section 42 may be performed. Further,
after the fixing state determining step of determining the
fixing state of the tissue section 42, for example, the staining
treatment by the immunohistochemical staining method for
staining the HER2/neu protein 1n the tissue section 42 may
be performed.

Furthermore, for example, the fixing state determining
step for determiming the fixing state of the tissue section 42
according to the present embodiment may be incorporated 1n
the above-described “(8) Immunohistochemical Staining
Method Using Tissue Section Selection Method™.

In this case, the step can be realized by providing the
fixing state determining step 1llustrated in step S21 of FIG.
14 after the embedded tissue section preparing step of
preparing the sheet-like embedded tissue section, betfore step
S10 (tissue section thickness determining step) 1n the flow-
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chart illustrated 1n FIG. 12, or after step S10 (tissue section
thickness determining step), or after step S11 (marker suit-
ability determining step).

More specifically, for example, by providing the step S21
of FIG. 14 after performing the staining treatment for
staining the HER2/neu protein in the tissue section 42 and
the stamning treatment for staining the endogenous protein
expressed in the cells in the tissue section 42 by the
immunohistochemical staining method, betore step S10, or
alter step S10, or after step S11 illustrated 1n FIG. 12, the
fixing state of the tissue section 42 can be determined.

Further, the tissue section selection method may be such
a method 1n which the following steps are combined: (1) the
tissue section thickness determining step for determining the
thickness of the tissue section 42 based on the color tone of
the thickness standard substance section 41e as illustrated in
step S10 1n FIG. 12, and (11) the fixing state determining step
for determining the fixing state of the tissue section 42 fixed
by a fixing solution based on the color tone of the endog-
enous protein in the tissue section changed by another
staining treatment as illustrated in step S21 1n FIG. 14.

In this case, by using a tissue section-mounting board on
which the tissue section 42 and the thickness standard
substance section 41e as the standard substance section are
exposed on the surface of the embedding agent section 43,
the above-described step S10 and step S21 are performed.

Further, the tissue section selection method may be such
a method 1n which the following steps are combined: (1) the
marker suitability determining step for determining whether
or not staining of the HER2/neu protein 1n the tissue section
42 1s approprately performed based on the color tone of the
marker standard substance section 41a, as 1llustrated 1n step
S11 1n FIG. 12, and (11) the fixing state determiming step for
determining the state of the tissue section 42 fixed by the
fixing solution based on the color tone of the endogenous
protein 1n the tissue section changed by another staining
treatment, as 1llustrated i step S21 in FIG. 14.

In this case, the above-described step S11 and step S21 are
performed by using the tissue section-mounting board on
which the tissue section 42 and the marker standard sub-
stance sections 41d, 41¢, 4156 and 41a as the standard
substance section are exposed on the surface of the embed-
ding agent section 43.

(9-5) Verification Experiment 5

(9-5-1) Examination of Concentration of Ant1-CD34 Rab-
bit Polyclonal Antibody

In verification experiment 5, a porcine mammary gland
tissue was prepared, and the porcine mammary gland tissue
was set 1 the microtome (manufactured by Yamato Kohki
Industrial Co., Ltd.). The slicing thickness of the microtome
was set to 4 um, and the porcine mammary gland tissue was
sliced to prepare a plurality of tissue sections for verifica-
tion. After the tissue section for verification was attached to
the slide glass (manufactured by Muto Glass Industrial Co.,
Ltd.), staiming was performed on CD34 of the tissue section
for verification with an anti-CD34 rabbit polyclonal anti-
body (Abcam Co.) having different concentrations.

As the anti-CD34 rabbit polyclonal antibodies with dii-
ferent concentrations, ant1-CD34 rabbit polyclonal antibod-
ies were diluted with PBS to prepare an antibody with a
concentration of 1/100, an antibody with a concentration of
1/200, an antibody with a concentration of 1/400, an anti-
body with a concentration of 1/800, and an antibody with a
concentration of 1/1600. In addition, the staining treatment
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for staining the porcine mammary gland tissue was per-
tformed using the five types of antibodies having different
concentrations.

Next, the tissue section for verification after the staining
treatment was encapsulated 1n a shide glass, and the slide
glass was placed on the stage of the microscope (manufac-
tured by Carl Zeiss) provided with a digital camera (manu-
factured by Canon Inc., EOS-1D), and the surface of the
tissue section for verification was photographed by focusing,
on the surface of the tissue section for verification. Accord-
ingly, images 93a, 93b, 93¢, 93d, and 93¢ 1llustrated 1n FIG.
16 were respectively obtained (photographing conditions:

shutter speed: 1/250, ISO: 800, WB correction A9/G9, LED:

19.9%, aperture: 0.50, objective lens magnification: 40
times).

The image 934 1s an 1image obtained by photographing the
surface of the tissue section for verification which was
stained using the antibody having a concentration of 1/100,
the 1image 935 1s an 1mage obtained by photographing the
surface of the tissue section for verification which was
stained using the antibody having a concentration of 1/200,
the 1mage 93¢ 1s an 1mage obtained by photographing the
surface of the tissue section for verification which was
stained using the antibody having a concentration of 1/400,
the 1image 934 1s an 1mage obtained by photographing the
surface of the tissue section for verification which was
stained using the antibody having a concentration of 1/800,
and the 1mage 93¢ 1s an 1mage obtained by photographing
the surface of the tissue section for verification which was
stained using the antibody having a concentration of 1/1600.

Further, as a negative control, the same porcine mammary
gland tissue as described above was prepared as the tissue
section for verification, and similarly, the tissue section for
verification was photographed to acquire an 1mage 93/.

From the results illustrated in FIG. 16, in the tissue
sections for verification on which the staining was per-
tformed using the antibody having a concentration of 1/100
and the antibody having a concentration of 1/200, it was
possible to confirm that the color tone was deepened as
illustrated 1n the 1mages 93a and 93b6. As described above,
in a case where the color tone 1s deepened, for example, 1n
a case where the HER2/neu protein or the like 1s further
stained, there 1s a concern that the staining may also be
allected. Therefore, 1t 1s desirable to use an antibody with a
concentration lower than 1/200.

Meanwhile, 1n the tissue section for verification on which
the staining was performed using an antibody having a
concentration of 1/1600, the color tone was lightened, as
illustrated 1 the 1mage 93e, substantially similar to the
image 93/ of the negative control, and it was confirmed that
the stamning was insuflicient. From the above, 1t was con-
firmed that the tissue section for verification was stained by
using the anti-CD34 rabbit polyclonal antibody having a
concentration of more than 1/200 and less than 1/1600, more
preferably the antibody having a concentration of 1/400 or
more and 1/800 or less.

(9-5-2) Evaluation of Staining Using Anti1-CID34 Rabbait
Polyclonal Antibody Regarding Fixing Time When Porcine
Mammary Gland Tissue was Immersed 1n Fixing Solution

Next, a verification experiment was performed on the case
where a porcine mammary gland tissue section for verifi-
cation was stained using the above-described antibody hav-
ing a concentration of 1/400 1n order to confirm whether or
not the color tone changes depending on the difference in
fixing time when the porcine mammary gland tissue 1s
immersed 1n a {ixing solution.
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Here, a part of the porcine mammary gland tissue was
excised to obtain a plurality of tissue blocks, and each of the
tissue blocks immediately after excision was respectively
immersed 1 a fixing solution. A 10% formalin aqueous
solution was used as the fixing solution. In addition, the time
for immersing the tissue block 1n the fixing solution (fixing
time) was changed for each tissue block.

The fixing time of the tissue block was set to 3 hours, 24
hours, 48 hours, 72 hours, and 1 week. After each time has
clapsed, each tissue block was sliced using the microtome
(manufactured by Yamato Kohki Industrial Co., Ltd.) set at
a slicing thickness of 4 um, and the tissue sections for

verification were prepared.

After the tissue section for verification was attached to the
slide glass (manufactured by Muto Glass Industrial Co.,
Ltd.), staining was performed with respect to the CD34 of
the tissue section for verification using the anti-CID34 rabbit
polyclonal antibody (Abcam Co.) having a concentration of

1/400, respectively.

Next, the shide glass 1n which a staiming-treated tissue
section for verification was encapsulated was placed on the
stage of the microscope (manufactured by Carl Zeiss) pro-
vided with a digital camera (manufactured by Canon Inc.,
EOS-1D), and the surface of the tissue section for verifica-
tion was photographed by focusing on the surface of the
tissue section for verification. Thus, 1images 94a, 945, 94c,
944, and 94e illustrated 1n FIG. 17 were obtained.

The image 94a 1s an 1image obtained by photographing the
surface of the tissue section for verification with a fixing
time of 3 hours, the image 945 1s an 1mage obtained by
photographing the surface of the tissue section for verifica-
tion with a fixing time of 24 hours, the 1image 94¢ 1s an 1image
obtained by photographing the surface of the tissue section
for verification with a fixing time of 48 hours, the 1image 944
1s an 1mage obtained by photographing the surface of the
tissue section for verification with a fixing time of 72 hours,
and the 1mage 94e 1s an 1mage obtained by photographing
the surface of the tissue section for verification with a fixing
time of 1 week.

From the image 94a, it was confirmed that suflicient
staining was not obtained with respect to the tissue section
for verification with a fixing time of 3 hours. Meanwhile,
from the 1image 945, 1t was confirmed that the tissue section
for verification with a fixing time of 24 hours was stained.
Further, from the images 945, 94¢, 94d, and 94e, 1t was
confirmed that no significant difference was observed 1n
staining among the cases where the fixing time was set 1n a
range of from 24 hours to 1 week.

From the above, 1t was confirmed that there was a large
difference 1n staining between the case where the fixing time
was set to 3 hours and the case where the fixing time was set
to 24 hours. Accordingly, 1t was confirmed that 1t 1s possible
to determine the fixing time of the tissue section by the
difference 1n color tone by staining the tissue section using
the anti-CID34 rabbit polyclonal antibody having a concen-
tration of 1/400.

(9-5-3) Preparation of Graph for Determining Suitability
of Fixing State of Tissue Section

Next, preparation of a graph (FIG. 15) for determining
suitability of the fixing state of the tissue section will be
described. Immediately after cutting out a plurality of tissue
blocks from the porcine mammary gland tissue, each of the
tissue blocks was immersed 1n the fixing solution. The fixing
time of the tissue block was set to 3 hours, 24 hours, 48
hours, 72 hours, and 1 week. After each time has elapsed,
cach tissue block was sliced using the microtome (manu-
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factured by Yamato Kohki Industrial Co., Ltd.) set at a
slicing thickness of 4 um, to give the tissue sections for
verification.

The tissue sections for verification were attached to the
slide glass (manufactured by Muto Glass Industrial Co.,
Ltd.). Two such slide glasses were respectively provided for
cach fixing time. The anti-CID34 rabbit polyclonal antibody
(Abcam Co.) was diluted with PBS to prepare an antibody
having a concentration of 1/400, and staining was performed
on CD34 1n each tissue section for verification using the
antibody.

Next, the tissue section for verification after the staining
treatment was encapsulated 1n a slide glass and the slide
glass was placed on the stage of the microscope (manufac-
tured by Carl Zeiss) provided with a digital camera (manu-
factured by Canon Inc., EOS-1D), and the surface of the
tissue section for verification was photographed by focusing,
on the surface of the tissue section for verification. Images
08a, 986, 98¢, 984, and 98¢ 1illustrated in FIG. 21, for
example, were obtained with photographing conditions:
shutter speed of 1/250, ISO of 800, WB correction of A9/G9,
LED of 19.9%, aperture of 0.50, and objective lens of 40
times.

Incidentally, the image 98a 1s an i1mage obtained by
photographing the surface of the tissue section for verifica-
tion with a fixing time of 3 hours, the image 985 1s an 1mage
obtained by photographing the surface of the tissue section
tor verification with a fixing time of 24 hours, the 1image 98¢
1s an 1mage obtained by photographing the surface of the
tissue section for verification with a fixing time of 48 hours,
the 1image 984 1s an 1mage obtained by photographing the
surface of the tissue section for verification with a fixing
time of 72 hours, and the 1image 98¢ 1s an 1mage obtained by
photographing the surface of the tissue section for verifica-
tion with a fixing time of 1 week. The 1image 98/ 1s an 1image
obtained by enlarging a part of the 1image 98¢ obtained by
photographing the surface of the tissue section for verifica-
tion with a fixing time of 48 hours.

Based on the obtained images 98a, 985, 98¢, 984, and
98¢, the stained portions stained to brown color were scored.
Specifically, by using the measurement program (manufac-
tured by Canon Inc.), for example, pixels of a predetermined
color tone (thinning out of pixels in the image: 1/64, a
chroma range: 12 to 23, a hue range: 90° to 120°, and RGB
ranges: a R value of 85 to 130, a G value of 65 to 120, and
a B value of 65 to 120) were extracted from each of the
images 98a, 985, 98¢, 984 and 98¢, and the color tone was
scored using the above-described Formula (1).

As 1llustrated 1in FIG. 15, wherein a horizontal axis
indicates a fixing time of the tissue section (specimen fixing
time) and a vertical axis indicates a staining intensity score
(brown score), the results are plotted to give a graph
illustrated 1n FIG. 15.

As a result, as illustrated 1n FIG. 15, 1t was possible to
express as a graph the staining intensity score based on the
color tone of the tissue section when the fixing treatment was
appropriately performed on the tissue section. Therefore, by
plotting the staining intensity score obtained based on the
tissue section in the graph, the fixing time can be estimated.
Accordingly, 1t 1s possible to confirm whether or not the

fixing treatment 1s appropriately performed on the tissue
section by the graph, and to select the tissue section to be
ispected. In this manner, 1t was possible to confirm that the
graph that expresses a relationship between the staining
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intensity score of the tissue section and the fixing time could
be an 1index for selecting the tissue section to be mspected.

REFERENCE SIGNS LIST

1 EMBEDDED BLOCK-PREPARING CASSETTE

2 BOX BODY

3 FRAME

4 OPENING

3 STANDARD SUBSTANCE-POSITIONING POR-

TION
6 THROUGH HOLE
21 STANDARD SUBSTANCE
42 TISSUE SECTION
43 EMBEDDING AGENT SECTION
44 EMBEDDED TISSUE SECTION

paflle:

The mvention claimed 1s:

1. A tissue section selection method for selecting a tissue
section to be inspected by specifically detecting a marker,
the method comprising:

(a) an embedded block-preparing step for preparing an
embedded block by embedding both a biological tissue
fragment and a standard substance 1n an embedding
agent;

(b) an embedded tissue section-preparing step for prepar-
ing an embedded tissue section having a sheet shape by
slicing the embedded block, the embedded tissue sec-
tion having a tissue section and a standard substance
section embedded in the embedding agent and appear-
ing on the surface thereof; and

(c) a tissue section-selecting step for selecting the tissue
section to be inspected by comparing a light signal
from the standard substance section with a calibration
curve as a reference, and selecting the tissue section to
be 1nspected when the tissue section 1s determined to
have a predetermined thickness, wherein

the standard substance comprises a thickness standard that
serves as a relference for the thickness of the tissue
section, and

the calibration curve represents a relationship between
thickness of the tissue section and a color tone of the
standard substance.
2. The tissue section selection method according to claim
1, wherein the embedded block-preparing step (a) includes:
(a-1) a placing step of placing the biological tissue
fragment on a bottom of a tray;
(a-2) a positioning step comprising:
(1) providing an embedded block-preparing cassette,
(11) mserting the thickness standard substance mnto a
positioning hole 1n the embedded block-preparing
cassette, and
(111) positioning the thickness standard substance such
that the thickness standard substance 1s present
within a height range of from a lower end to an upper
end of the biological tissue fragment when the bot-
tom of the tray 1s taken as a reference;
(a-3) a liquid embedding agent-introducing step compris-
ng:
(1) pouring a liquid embedding agent into the tray; and
(1) a solidifying step comprising solidifying the liquid
embedding agent to prepare the embedded block 1n
which the biological tissue fragment and the thick-
ness standard substance are embedded together 1n the
embedding agent.
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3. The tissue section selection method according to claim

1, wherein

the standard substance further comprises a marker stan-
dard substance that serves as a reference for suitability
of a marker detection result.

4. The tissue section selection method according to claim

2, wherein

the standard substance further comprises a marker stan-

dard substance that serves as a reference for suitability
of a marker detection result.

5. The tissue section selection method according to claim

1. wherein

the standard substance 1s made of a cell which expresses
an endogenous protein.

6. The tissue section selection method according to claim

1, wherein

in the embedded block-preparing step (a), the biological
tissue fragment 1s immersed 1n a fixing solution for a
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predetermined period of time, before the biological
tissue fragment and the standard substance are embed-
ded in the embedding agent, and

alter the embedded tissue section preparing step (b), a
fixing state determining step 1s performed, wherein said
fixing state determining step comprises:

performing a staining treatment on the embedded tissue
section, and determining a fixing state of the tissue
section fixed with the fixing solution by comparing a
light signal from an endogenous protein expressed 1n
cells contained in the tissue section with a calibration
curve as a reference, wherein

the calibration curve represents a relationship between the
predetermined period of time of the immersing and a
color tone of the tissue section.
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